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%K°y<?-*#:ir>Z>tc!t)<Dmm$ik VXtft&1r% t ki> 
K, &*i»&##i&eoS;fcifcl;:*ti-.5Si? 2 iafSSs-Cfc 5 

-Cfc 5 1 «K bfc t # tc-t©«tRftA» k° y 

ISC© 2 / 3 « Km S 1" 5 lit i» tf ^ £ * «> 5 fcf y 

Mia«ipaS©JlSiii:©i/3^^ffiSi-5^fefc^ 
^T-t- 5 X i"<*'®ft*-jp $> 5 If! 1 Safe 

^ 1 i^?t^#©* s HfrlBSiPScOj^&fc© 1 
/3fg^c:ft^i-5JliK!^Sr^'i-■5ift^'^</^com^•^s^v^ 

2*Pilre*>3 kWfti-zmWWlfmi: 4r«l*.Tv*s 
[«#*3] »*35UC*J(,nt, tWBf y^-8W»*» 

=fri-5i« i/^/KDft ^asfcaa^a^wwi-a* 2 safe 

2aSIMtt?*>5 kWtcr*1&Wm&fkk *r**.-CV*5 

u «triaft-§-WJ¥Rf±> iiufEjgi&$ft^# 
«#«WB»PSt©»**© l /3 Steffi Sl-^iggcSr 

tt*B#ftj£a(rraiM££>Jgl&8c<Z> 2/3 {glc^ySi-S 
k Vm-tz X b KMf& $ fix v * 5 £ k 5r#fK i: i~5 s> 

[ft**5l H£*2&^L4©V>T^«^C*5!^ 
1-5^3iS^-efc5i:*iJ»fL, ^o, StrfE**fedSgff 

[000 1] 



2 

[00 0 2] 

Lfc&K, /</W^^lfei-5t, 014 (a) K^-tWV 
^«a»*#bK5. bK\,X'&bhtL/<>\'*m& 

T-fi, *fT*t«m <t 9 y^^mm^mmxh % zk^ 

«Hg^*lr\ -t£T% Ell 4 (b) KHz 

150 200 H/^-efc t) , /-vwo^jsjM-eo'. 

4#~0. 3g>T**>5£i:d^, ^^^^rWSrO. 5# 
t^-r-5£if-J;9v /<^«UH^0. 8g>~0. 6 

[0 0 0 3] 

5P«3M^fc5c ^fT^F-Ctt. B14 (b) 

l;«IWT3~T4-e/TtJ;5l^ ^AsxAJHtfo. 6# 

~0. 4#tC/i5fe«), -v^^^fWSrO. 5#fC^)£i- 
5 t , f 10 0 E/^© t # »-f±, 1 % i cO^-?/V 

so [0004] -t^-C, tf s/^ff-Ctt, *fT^TJ« 

5c 

[0005] EXJitoFafM^lc^T, *^PJ©^Stt, 

40 [0006] 

[«S^ftl9!:-r5fcftO#S] ±IES»JBSr«¥«:-t-5^:«) 

2 iSf§)S-e*)5 i: 2MHPf bfc k # »c^©jlgticd^ tr 

so y^^^fe, 3 sswas-c**i:*ii»fbfci: • 



3 

#fc-t©»**0 2/3«fc4aai-«fl[i»6>t , s' , f-Sr* 

[0 0 0 7] *38WK*iV^T, WE tfy 
*:i*.ff, .«WB***0««ac©i/3f6Ffc1far*JB 

1 asstis^© t , mm i wtreftftwesiittojitt 

#fclr » i: *WPr Lfc £ * f±iifrfES*PSt SrtflSSS*«t 

10 

[0 0 0 8] HufEfcV^3S#J£«:, WIESmS 

©H«»<D2/3ffiffcffiSi--5«»»Sr#^-«i«^'<A' 

2 fete»#©#ii&SB£*pafc©j3as&<o 2 / 3 fgtiffis 1- 
kwwrt-zmwm&mt *mz.z> «t 5 taws-*-*. 

[0 0 0 9] 3=fc x Wiat's/^iSSt^tt, MIBSipiBc 
<om&%t<D l / 3 ffiFtoffiSi-a ilfe^cSr^r-rSiii 

KJfifeO^SSc© 2/3 ffiFfcffi^-t-5«IHft«r*i-5 ift 
Si^/vote^asfcv^ipJBrU *>o x flMB*2ttfflUB 

#a^iwa«jp«oa«ak©2/3»u:ffi3-*-<5H«* 

Sr#-r i"**^****** t *ij»f Ufc k £ til*, It 

•** *.-5-fc*jfclJC*> JtV\ v ....... 

[0 0 10] ^BJfc&i^T, SWEfHS-JHSiJ^Stt, iff 30 

[0011] 

[0012] i-timm) m 1 «\ 

[0013101 fcfcl^T, 1 
l 0(c^$tu§^— ^2 0 4:, :o^-y;v2 0© 

fe*«HI*J*S;h/-C^3. ^-^2 0<95fcS£fi!KCfi=i* 
^ *-8 0 s6i#^*tbT*Jt) „ :©3^ f-* 

8«>fi, :S®2tc#si 0<O 6WtDft!|[c:%|!S;$^Tt^5 3^ 
* *«5 7<0 fcttt|ii4t?J95. «3gpttfcl 0t- so 



4 

fi, JK8#fH~*stt5 1 2^*(fi]^?>iafc##o^T-?r<D 

<oy^ h/'SvKl 2{cioT, 3£B;fc#i Ofi, SSfcJt 
JBiSft-efeSo ■R««tflffl-fe^1>-3.=ij/ h3 0f±, ±> 
f-H3fe«^^K4 0{c«to-Cii^;$^*sfeA^L.^<0 

54:, ^-^2 0*5®< T^tf(D-C% 0 

m.m&m ^<i&T-f zoi^ft 1. , m<o&7i l (omti±it& 

«SHttTU4v\ lot, fl^*5EK:»8H*fflflI*v-!Nx 
= y h 3 0 ZmM-fivti , *^0»cM;J1-t?7V=^^L 

fet^n, «**fcif$riE*teti-aiT»# 3. 

[0014] B| 2 ft, #M©i£*i?ffl 

^^F|6]*>6>^./c(l!lffi|l|-Cfc5 0 

[0 0 15] 0 2IC*3^T, ^«*^1 Oft, ^JigSS© 
«fl-^ll (^^r-^.) $r#^T*5«J, r<OH#ff 
-Jr— ^1 lCO*ffi(iatC(±. a^ai^BW^P^T, * 

Sr**i-3EL^;y^7-Y h#^0^*^3SBl 3 

li, *^:®©2fe±fi!H-fi!:a-t-3MlC0-fe^p<>h«^|g 
m 1 3 1 , £-h{l!Hofte"f-33£ 2 W-fe V 

132, &TW\z&.&-tzn3<D±y*^h&iimmi 

3 3 , RUUETW\CtiLm-tZ, Ks» h*^«E 1 3 4 

[ 0 016 ]' ^tf-^r— x I'-i-cpAfffcK;' ef s^Sr** 

vf- 9 0 4: LTIi, *P3i*-fe>i^/i4fSrffl^3i4:^X 
^pff-{r— ^1 lwrt§B(rfi s {*®)-fev^9 
OtCiS^ffl^ (#:«)(§■§■) i-S-cJ^Tb's/^Sr^fc 
5 4: 4: t>lc x ^*vSr^*^e l 3 T^l-Sfc* 

* W^fB-f") t-«<J^TiRtt^:(D^b^4f?r*:*-5 4: 
khiz. ^tuSr^fi*^* 1 3T-**i-3fc«)lc N # 

[ooi7] u^ff*--;* 1 1 tDftfflma*. tifM&tt 

\ ll~l 1 5«s«di*JiTV^5. 
6\ 1 1 7^fiK^*VT^-S 0 

.(0 i 



" mi 



5 

= y h 3 0 <0*m*S*Srl#H-*— ^ 1 1 OMWli 5 

[0019] itffltw i znmmzM^-t 

\z.b ti-st; 3SB*«^ 1 0 *r*aMb-r* fe 5 
8I*#10l:(i, Rfc§S*£ft3£^5fl*l&#* 

o*rtHcrtiitTfi*6*"Tf#J!cv\ -tr-e, *09tft±. It 
©#i*K:*irfc«a»$M o i fcfrfsas. ******* 

*«a«BJ^«:3l*©*|Rlfca:3fcV\ «tot, ««©P#ff 

[0020] HHH>— * l l fOrtS&tefcv-C, Wfa 5 9 

8*SiES$*tTV^5 0 ti5 9li, £E«3ii^-5 8lcifc& 
bTSvvfc*. ^S*#: 1 0 ©fitf,vffcBtt:> 3B#«D;£[6] 

/<VK1 2*3^L-T^5<Dtr, S«*#:i0$rBB^ 

^T?#*t t t>K N 0 3 4 5 K> »ffiS5 1 1 9K 

l 1 8 Sr.«0-,a-.2i.*4iSJ:^>.X. f4, 

[0 0 2 1 ]"~<JS1t#^iS^©iMM*3fi) @ 3 »£*5V * 
T, NfW"^— XI 1©1 2^rCD*-[6](Cf4 > JJ^h^^K 
1 2 ©SggBKia 5 tfl7 featfcJhJ&tt 1 2 1 

1 0 5*s^J&£;ivO*£„ t%ftfr—xi 1<D 
6Bf<D;tf|fi]Kf4, §Bi'#^ttfcy * KrfvKl 2*sft£ 

srts^-rs/cijxDefeAi 2 2*5^9w-{te,H*s^gi5 

1 0 6*s^$tvT^-5„* 

[00 2 2] 10©6 BfcD^fttClio^T, Sffi 

SB 1 1 9 *>fe£»:rgB 10 6 (c^^gB^tt. Uttf^— 1 

i h-m^fmzhxm^ui 1 9k:#l.-c*&i 1 5° 

cD^SSr^i-ISl^ihfcgB 1 0 8K&oTV*S. "T^t> 
*>, y * MyKl 2K4o-Cg«*#l 0 5r^(D#f 
L (0b) ©JiffigBLl (#©^<D{»|) t£te«1-£4 5K: 
l£*Lfci:£, B#tHr-*l ltf>*ffigBl 19 fix 
LcDJbEfSL 1 \ZJt&1f*Z—l3* EHBJfcftW 1 0 8 (4, 

«»R©*>5«iii»L-2t=atti-5. ^ 

*#i o(D«ffigpi 1 9(4, n-WRtR-wu&mt&c 

iCfeS— [slfet&glS 1 0 8 kWmUl 1 9 irCDffiiife 
^1 0 9**6>lHl^JJ:»gi51 0 8fc**lt-C(4, ^#RtC 
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■ . 
(4) 

38^-5$ Cleft 5. -CD 4 5 fc, HHEJk&gB 1 0 8 t 
«ffigpi 1 9tf4, ifillS 1 iv^5*W*WK:a»W 
ft£*£&L-0*3*:&, £l»##l 0Sr^fPA4fcf4 
^PPBcD^[pUc|Hl^5i:LTt>, £©##1 0(4, JRL 
©JS5**^fc1"*bife^. »ffi»l 1 9RXf® 

HgjtfcglS 1 0 '8fcJ;o"CR«>lEl9©M'«2 *@?T?i6«* 

t, SSas 1 1 9S^lHltelhfegi5 1 0 8 f45tHKffiaK& 
■*•*©-<•, ia*EUki&»*a*fltl*K:#&*b3— 85*** 

[00 2 3] (BftUfflffltyf a=y KOirt) B4 
(4, ^©HJjftttaffl-feV^asy h©WffiH-C*>«. 

[0 0 2 4] l214tC*5V*T. aRSc&tiJflilr KITm y h 
3 0(4, -Z(Dtr—x{£b LX<D±>-y-W3 eoMMl^M 
130 2 *5&§*V<5 £ b K4oT\ AMfcttAftM^''" 

3 oo^S^T^S. ttAttMSns o orortgpiv- 

»4, IH^««3 5*SiBe$HTV^5. IUK*«3 51C 
(4, L ED 3 1 , 7*hh7y^?3 2, -tcoft&tom 

20 0Kf4, ^yv-3.3 9 3tc4o-r^-^V2 OCOiSgC^ 
B3££*K ^-y/V2 0(D#Ei»f4, #[aIKStg3 5© 

/•>^-^±ic[4A/^f=t»-t$HTv^o flK&^m 

Ityfas -y h 3 0 f4, ^/V2 0 asjg©185E<B!);$> 

^>^»*(*: i o <dmk3\ zmzftznoiz Lxmizm. <o 

^ 3 2 f4, It oft $ ^f&] {C© o Tffi^lJ ^ tt* r t 

•J, ^-CD5*>> LED3 H4Jgc05fe^<l!|{c:<s5[BL^ 7t 

h hyy-^^ 3 2 »4JgcOtS5nCD*JC&g-r* 0 iOi 

• [ (TO 2 5 ] I^BJfflt-^iy pa-OIJft t,' 

^.«** f£ £ S5t« 3 4 \C 4 o T3tSili^*^j^ ^ 
r.COS*iK3 4»C^L-C, .LED 3 lStf^^- h 1-7^ 
3 2 {4, *fr?**M%MRtf 1 §:%M*m%Wi3 4 
cO^drRlttTV^. -©fcfe, S?t«3 4©^fl!j*S3 

4 1 (Jt*ffit<D«tt®/-fe:v-^®) t=ffi«iBSrtf*$ 
-ir.Si:, LED3 1I4, Jt*ffico{B!l^l*H7-C7tSr^i-5 
ti:t>»-. 7* K h7V^^ 3 2f4 x LED 3 1 *3|§ 

5 0 n-e, ^7t«3 4©^fi!)«B3 4 1 bmmwbo 

?6*ttSri««)5iWtw N S7t«3 4(D^{ft)*ffi3 4 1 
14, ^-cDJlfflg|5^3 6 l**b^WL-C^*«3t»e:^o-C 

[ 0 0 2 6 ] *^JT'»4, LED3 1 t LX, InGaN 

^ (^^^«7A-ify ?j±-mmm cow^LED^ffl 

V*Tfc!7. -¥:co^7t^^^ h/H4, 4 5 0nml^3tt;° 
— * SrWL, -tc0^7t&ftfH^f4r 3 5 0 nm*»t> 6 0 
0 nm*T-CO^|S^$)5 0 *^5^3t4#ttSrWi-* L E 
so D3 1 KSi-fS^-tJrT;, *^JT*f4, 7* h h7y^^ 3 
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2tU, GaAsPI (#y ^A-flt^-y © 

St*««tt» £MSftWK# 300nmi)>b600nm 
$-C©®HKfco-C\ 3 0 0 nmJWTfcfc^g^tfSfc 

So 

[0 0 2 7] ^(Dj;5(Clf^LfcM&^ffiffl-fe^-y-^ = 
teiMTU ^(D^ji-e, LED3 l/^kJtMf&JtfTftSr 

[00 2 8] 3 50 nm*>f> 

6 0 0 nmtW(|Il;*5LED3 1 i: , S^tiSft^ 
tikftZ 0 0 nm*>b6 0 0 nmftffl®B©7* h 
X^** 3 2 irSrfflVN-Cfc!?, -tcoa^Uffl^fc^^ 
3 O Onm*»?>ft 6 0 O nmS-e©»ESm -f-^fc 
*>, #J 7 0 0 nm]WT<OiSftta^*Jlt-5^mM*tS 

=-y V 3 0*rJB>\ixtf, ^3t^jg<DSm*c^cfcfcoT 
t>> ^3t^*tt5*©5*>K*®^7 o 0 nmKT 
<P%\±, n^m-it^h VX7* V h7y-^^ 3 2 (S 

&ftia«6^ 7 0 0 nm^TcOftH JBSriSi® Uz< iHS 

■c^4v^»©aj»-fcBHit$*i,Tt>s memory* b b 

8 8 0 n mftfilr X* f - ^ I" ft 5 L E D i: , ~>y=i 
®Htt, 3 5 0 nm^b 1 2 0 0 nm^t?©^|S{^ 

j-eH-f sums m#ig i yj ^-f-v x o 

[00 29] Sfc, 1)70 0 nmJUT<0&S^gc©3fc$r 

^e^nfc'vfi, Sftii300nmH7 0 0nmS-e 
8 0 nm(Dyt\ztt-rz><&yt&%cizit LTgtte-^ 10 0 

[oo3 o .] mmn<Dmm m 5 ± 5 1£ , aftfe 

fBSfcfi, R««*tti/8«fcx**=y H 3 0^6>cDA7Dife 



(5) 

5£, #r»Hr^f-9 O^feroA^ill^^ttfj-f 
£t>£#3 tV5^-*&Sg|S5 6 bimifo&tiXtS 

v , f -y * mssb 5 6 xtfiRsrr - f &aa5 5 5 

^51S#S:^*^«1 3|c^Bltei: bT^ 
5» &*>\ ^^^-^^§§55 6SWf-?!i!l 
gB5 5©-gBfi N *&jSrt$nT^5^n^7A{cJ:oT.i!) 

[0031] Si", BRjft-r— ^*aag55 Jpj&M 

mm± vt»= y k 3 o -jr— t'/v 2 0 srj> l-ta* 

^tufc{g-g-SrPiSm-§-«*S • ^mSB5 5 1 #ift@Lfc 

7^*/V«#K^&LTflRfe{f#fE«g|5 5 5 2CUJ 
7Ji-3<fc9K&oTV^ 0 9RSt«-§-fE1g^5 5 2f±, x 

M"C$)5o JRSE(S-g-ffi3SSP5 5 3fi, m$im%-$zmM 5 
5 2^c:|Sfi^i^T^^5«-g-Sr^UiL-C^:i^{^^S^ 
#fi UTcoSii^— ya^Jfc (FFTJUl) Sr?rfcV\ 
20 ^©&*SrBIRa&fc#ttffig|5 5 5 4 £ 5 f-fto 

TI^So SR&^ttm^ 5 5 4 f4, PS««-i*ggB5 5 

3 i>t><»At)mj§rfrbm$ii£ft*#itii Lxm#mm&M 

5 5 5 U ^ ©Mttica^gB 5 5 511 A73 Zfr 

[oo32] sfc. tv^-r— ^^agp 5 6 T-tt, w-W) 

tVt9 0^ 6> A^J S ^fe«^-Sr<*«j«-§-liti • 

5 6 l3iSli®bfc^, ^^-MS*fc*»UT(WW»# 

30 ©as 5 6 2 tt, x^^/i-m^-tci^^tvfc^t&x-^ Sr 
IB*UT J3 < R AMTfeS; -{Mbflf^ttH A 5 6 3 tt; 
fr»fB^-iS«ge 5 6 2lc|Stt$ixTV^«-i-^S£^mb 

x*fHzm&»&$Tb vxcommy— (fft 

&® *tT4V\ ^Oife**frSj^tttag|5 5 6 4 KA 
73i-^«t5fC^oTV^o #:»^ttWg|55 6 4f4, ffc 
»flt*«JWB5 6 3 75>fc(DA;^«-g-a>fcfr»jE£#3;ttta 
LTf;/^)®^LgB5 6 O^ttJTJL, ^©tV^M^g»5 

^b, -?-(D^Sr?SS*^a l 3K£ij7Ji--5J:5Jcft 
[00 3 3] ( tT ^^^giJO^) f jr l-mMM 5 6 

^s-rsft^-^gs 5 6 5 x sjp&coji&^ i / 3 m 

fcffiai"5MISt^SrWi-5 m ^/KDfg^fe 
S:*iJ»fi-5^ l iSaiggB 5 6:6, StFSipftW^fe^C© 
2/3 ^f»c*gSi-5^^Sr^Ti-5iii u^u<om^h 
% A**»«rW!>H-5»2*«|f|» 5 6 7 '*&M&£Jve W> 

so -;& 6 ^*if|jS[^^© i / stefcjteiir^sjBaitft&sr 
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**|gij» 5 6 9 dMSfifc^Tio <0 , i Ofll#-JMgiJ«B 5 6 
9 ti, SB 2 &ift|gg|3 5 6 7 #£9*0>Jlifefto 2 / 3 « 

[00 34] S=fc v <t*HSiJ«B 5 6 9 tt, $ 1 feSSfSS? 
5 6 6*5.1:tfjg2RlMBffi5 6 7 ©5feS^*{CS<5^T 

[0 0 3 5] r©<fc?lC«j&Lfcfc' , S'^gg|5 5 6 0\C 

*v»-c\ fmm^fldnis e 3 5 e 

4*»5>ffi*S-h,T< 5«^l±, 06 (a) % (b) ICTf: 
kfcV^fcjfc&SK&fco-C, tfs^afcJMBS 5 3H, 

[0 0 3 6] ^©JBSSfl, £TF© -5 c tf, 

13 6 (a) fi, Mfr&fVMWl&DteX^? h7Affet), 

CDS*«^^i-S^2i«^fe^tCffi^i-5«l^-<i5' h 
JB £ * y y :/ b fcBf i: fcS & * x y r L fcBflciQs? ± 

[0 0 3 7] itU-StLT, B16 (b) fi, &ft#f<Dm 

h/vsBi, «cSft©«*«t»c*fi-5J|2ii5ipiaS^; 
#£^1-58!;* y>vs b 2 , AVflcn<z>iS44fiir 

fti-zmammmf&Mzm^-tzmx^? ^sb3^ 

tu5 0 ^r©^, #i^h/VSBl, SB 2, SB 



(6) 

2(9 

h/l'S B 2 JC^-rS^^^ H/VS B 1 ©Jfctf^fr 

B*rfcMt»t\, Sot, #m<D&&&\ctti&-i-5mx^* 
h/wsBi, stfjBaaswttri^-fctBai-sii^^^ 1- 

[0 0 3 8] *^cD^2ia^tCl^i-5i^ 
^h;uSA2, ^ff^co^2ftSS&{r^i-5ll^ 
h^SB2, 25.^#fT^^3«^&tC^i-5iil 

*^<? h/vs b 3«, 1 0 om/am..k.o>m$Lm. 
10 i^taiats. tot, 1 0 0 m/ftsk±.<om®$m 

fc5coa>&¥ijsij-t?#5o -ftafrh. ^tTNptcft, 100 
m^wm&k vxm$i-rz(Dx\ z^mmms^ 

W«-e*Stswwe#*ttf, r©f§^-cojiifeSi:(c2/3 
P,i-^<Dt?, i©«^s^2ftHife-efc5t*ij»f^^tu 

[0 0 3 9] ^ErrT?, fcTs'^33Ef»5 6 Ott, frfrZ>* 

[0040] ^-r. ^f^/sTim j^^^*f^ 

* -W£^Sr»<fHI9roMll > r«&;' ^fyfST 2^ 

z<ommkv>fflmm& 1 o oia/^«±-cjbaA>& 
[0041] ::-e> mmfe(DMWim* ioo 

ttSrt^t). ^X5'7 P ST4(C*5V\T, %<Dm%& 
^<m^r<D^A^Mch^^<OM\<^im^&m&k LT 

[004 2] iftKMUT, ^fy7*ST3 1 ST4t* 
©jaSSrff 5 5 10 0 U"</KOft 

*#-jlva4u£ % z.<nm%-*mmmkv. ^t^st 

7T?(±, iOXfll»©«l»*© 1/3 

[0 0 4-3- 1 7 7"S T 7 SP^OSiSt© 1 / 
3fg^*iS-t-5JlKSc*=fi-L, ^o, S*i6©«*B^M 
so LT l/2(5£i±©ig(@©<|f iS^t^Cli, 
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(7) 



U 2»o N L-Cl/ 2 « 

[0 0 4 4] ^T7/ST8f, gifi&©Jl&ifc© 1 / 

10 0 4 5] ^ixfcttU *^y!/ST7fc:*»VvC, £ 

i 5 om/&sk±-Qb&fr&A**wict*. z 
<di 5 om/ftb^surt* iooni/^oi. 5 as© 

9*0#d\ ^fiftfJCDf s^tt, 1000 

150 m/ft-zh y » ^tT^w tr y 150 

*»*si 5 o®/#£t±t?fc3£2WK^fc$t£-tea\ r 
Si"5^-i-i:»f^-e#5^fe, ^ry^ST 1 0fd*JV> 

[0 0 4 6] ^fy^ST 7{C*JV>T, 

t&omm^M t-x 1 / 2 ft£JLho£M<z>flr£'a*&v ^-a- 

' Tt>. tc:^v v Tr-«*«to : S»ffc<0 2/ 

3fgfc*aS-t-5i^&^:Sr*U. 

fi, ^ry^S T 9 f'^l^T, ^ <oS2p&co Jiffies 1 
5 OlU/^iTfcS^^SrflJ^fL, Si?ae<Oil^ 

*fT^WS*ft{cm--5m3i^P)S-C* > 5<!:?t 
*;Mfc. g^igfi, jg3ffifl&j$£-f::4B£-*- 

z.e>m%-<Dm&m* 2/3fsu z<D2/3{gLtcm 

[0 04 7] {flU ^S'T'STSHlfeH-C* iWgJJS 

1 5 om/frmm<Dmx*hnt£, mm®. 

Ji, ^3«W^^ffi^i-5m-§-T^v^t*iJ»f-T?# 
3- t¥oT, ^SipjgWl/'Sfg, Xf42/3fg<£>/i 

S&2i*^&j&#^&5t¥prT#5o tifo-C, s-y 
ST«l;t5i^, w<D{BSr^©** tfs^fc-u-Cfltoff 

10 0 4 8] ^©«fc 5 fc, ^9|ttcoJSftft:<o 1 /SfljFfc 



Ti/2^±©^m^m-i-^^^^a.jcfi, gip&s- 

i/3fgir4iS-r5^Sric<D^g(^ SijSjfccDjgffifciSt 
L-Cl/ / 2^±<DS*@^«-§-^#t) > fc5VM4 x 
«©WI«:02/3«K«St5fl*|itOttIK. 
&Offii|)S{CML--C 1 / 2 {g«±<DSt@<Dm-g-d5WS»^- 

^»4, li^, 1 OOleJ/^—l 5 OlHl/'^O^SHtcfcS 
£t±. #fTB#<o3S3iiSPi&f4, Attft^l 5 om/ftVJ. 

±.<?>mmzm&i-z>i±-rk lt, s^so/ife^i 5 

1 5 0@/#«±T?fc3tWftLfci#KfiC#-C, « 

[0049] mmmn*m&<Dmm *m<omwm& 

[00501 08 Ktt. ^^fflmT-«^ 1 TtfTfrJtS* 
*— FV ^^<Dt $<Z>JffA$^£e* 1 3 (e:*5(t-5^ 

[00 5 1] 08^1*51/^, ^ry^STl 1 B$ff 
*-K-C*>t), M 1 V>± ? * >- hUtTF&mi 3 11:19 

TTIMEJ ir*^StbTl^„ {IU #x£-T5ir*3 
Ks/ V^m*$.l 3 4{^:^3V^T Ttimej 

[00 5 2] *M©SI»fflS^«5g 1 T*tt, Bftf^e- K 
<Dt^l,Z2m^J^Hzh^^^>^4 -y^l 1 lSrJff 
ir, fci^«l^rfliSJiUfc^T7-A^Sr^$-fr 

JO 0 5 3] Z(D*r— K^6> 4^F^(6]}Cfe5*'^ 

T12) k«9*im3*. ^©^-k»4, mmmm=m^ 

so -Ig) (c*5^T, p 1 ©-ir i/y v K*^^,l 3 1 fc^ft 
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PWBl#****k $2®t^yh*iS«i 3 2lC 
fi, TorOO' :00' : 0 Oj 
Ks'l>*^tl3 4t?(i> ?y=^*-Kt*>8B' 
©IrttUt TRUNj i: 2g>Wfcft**Lfcm> ^7 

[0 0 5 4] ^<D^e— K^fe4NP«0^Io]{Cfc5^^>'^ 

(^t^sti 3) {c^oom^-Sc £©**-m, m 

7.7 V y bf-< A SrBfc*^*- K-Cfc 7«;W 
A© y a— /we— KT*f±, ^ 1 ©ir^V ^ h**SS$c 1 
3 HCBtfjPSjp&hs ^©■fc^^MftjSWfcl 3 
2{C(i^,ffiNF^J* 5 **$nTI/^o Ks> h*^|g#l 3 
4fcf±» ya-^-KTfc^gO^tUT IX A P 
/RECALL] b 2^M£tt*ij*£*l/, ft«f<D 

[0 0 5 5] ^<D*— K*^4^C0*-(6](C*>5jK^V^. 

^•^fin srif -t-i , y a— a**- k 

tt, $ 1 ©1r f 13 1 td 

*K JR 2 co-fe ^y x h 1 3 2 K= tmftRMI^4t 
*-SftTV^„ b'y b&THmi&l 3 4 f*. TRESU 
LT/RECALLj i 2 &WiS:\f3t7fr£1n* ¥ 

•-. [ 0 0.5 6^©i&«r-.KAi^iM^. ^4*J©jfelSlte*>-S 

' PWHe 6 ' IP 'OXt* V^ST 1 in^MS-.T* fc; 
f'^STl 2~ST 1 4^*3VT, AJj&te^WMtf 

*— K Ufs'/STll) KSfbtoKKS. C©B#if 

3 1lcBW^T§n, Sg2©-fc^y- ytt*i«l 3 

[0 0 5 7] *Mfli, B#iHr-K»c:fcofc£€\ b'y 
b^^mmi 3 4lctt > El 9 (a) ^fcfcfcb-C^TJ; 5 
fc, B*SHe— KfcKofciL-T TTIMEj b&TF&n 
i®36rt*35%tt, 09 (b) 1cjjW-J:5»w, 2g> 
fftKBIMMcfll*.. WfHe- KfttiMHtti C^y^S 
T15) ifti. i©l*tl*— K©»flHM*ef4, b'y 

5, 1-&;b*>, K©*rt£fT5©fc&R* 
/WS©B#IW*£tt Ky h*^U ^ri5Iit^5ri:i 

[0058] *.m<Dm%tmn,=FW& 1 -efi* 

*§2>6>t>, =^^;?a5 7 0{c:*t-LT3^^^t:'-^8 0 



(8) 

y**--K (^fy^ST12) KSftttfcSJ 
;<OiJ©7y=^- Kfi, ?• by~7V*y?-h L 

[0 0 5 9] Vy'mR.Xfmt&ftrkVXV'y^-Vy'*: 

<5o 

[0 0 6 0] *i\ 01 Oldfc^T, ey^ftRtffllRte 

ST3D , 011 (a) (c^-tj; 5 m^m^m 

(DM lot^y f-a^Stigt 13 1 tc3i&B#2al;0 s «^£ 
H> ^2©t^yhg*SWSi32l:(i, ro : o 

0' :00" :0 0j Kyh«*««13' 
4Kfi, TRUNJ t«*$Jl5, ^3©-*:^ 
VhX^ffttl 3 3 -C^N— h (D-?~? LX, 
^RXfW&ftb l,X<D ; 7is~>'y'*-b'\£®'Q&t>^ 

[0 0 6 1] r.co^— Kw^JtJ^xlcioT, fmfcr— 

20 ^tosas 5 5 tab' KmMmmzti, w>ftmm<ovtf£& 

#JJB<Z«ttftSrffa!li-3 fe*©MScm^-ro«t 9 ai^^ 
^ptuSc E«0i:#, Ky K^fg^l 3 4l-f±, TST 
OP/5J i:«7?*^ (7f5'7 , ST3 2) TMOT 
ION/4J i:©*^ (^fy/ST3 3) £#2Hz 

30 y^l 1 7*5jf $li-5t-C#MiiJ5;5 

(Xf ji^S-T-S 4 ) T-'"* ' - - , 

[006 2] r. <D'&mVtffi-?\±. b'y bm^mm 134 
icttu 01 l (b) lzm-r£o\z^ m$tf$Hr<nm&1&& 
y*774 yt^&tiZo Z.Z.X*m7ji£tiZ>m$iJ&tes 

^-Ttvff, LED3 1^7* h f7^^3 2®if 
4K«gcO&5£|£L<¥lJB'jT*t5o il&Ji?©»^ 
U^</VSr?ISU^^feLED 3 1-^7^- h b=7^*J*9 
40 3 2£Hfi'*-5wi:lCj;«J, LED3 1^7i- h 

-^^32 ©^asrSig^fi^ie^-rs e 1 1> -e# 

mm*m&i<DWB!#\zi8^x* b-\ci>mm 
-c#5„ *ri, nsi^^77-f yy-m^-rztift, m 
m<Dmw£b'te£^xf$mm&mwiVizi>>&frti:b'i>m. 
&-rzzbt>x%?>o 4J8» m3<D±y^>'bm^i$. 

i 3 2ic{±, /^/v><.gE»*^*»fc|DJ»©aiRtt» r 7 
5 j d^^^^tbSo 
so [0 0 6 3] E©^fi*»?>, •v'^yy'Sr^^— h-r^i: 
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T3 5) „ 

[0 0 6 4] Z.iXb<Dftffl&m-i: mi 2 (a) fcTjk L, 
fc«fc5K, £i\ f2©t^ Vh^tS^ol 3 2 KM 
B#l?a $ ^ K H m^m® 1 3 4 K fi , 0RW$: 

^77^ s^^fi, *KStt<OB&*ra<£g£JiiRtt$c6 5 £ 
y h*S^£l 3 4l,z^^ixtcy'yy<om^cOB&'0 

[oo6 5] rcD^-c, mt&m^i/itft vfctemi 

2 (b) K^-riSK, Ptt$Cfi> ^#>t^£*l,fcg*p 
y^ST36) „ r©t^rfT5^97^ s^^cfi. fi£ 

$*c9B&*lfg^&MtetS:l 50i UT, rco^fccoig 

<t5*^Tfc5 0 ^fc, Ky h*^£W§El 3 4<D£ffl!|jg 

[0 0 6 6] ^<Dmz.S<mjjfa\Z&,Z>7£9>>x.4 y=f-\ 
14*Wtb, Ky h^SlU^l 3 4ttf-7f(DW 

r©t#tT5^7>'^ s/^*^^, Ell 2 (c) Jc^-f- 

iKfficD @ S£ 9 (i^#COB&+ra&fi^ tV ^ 1 7 O T-fe 5 so 
e) b. 

*0iJ©^^m^« 1 tftt. K s/ 1 3 4 

■7— li, ©*^|g 5:^.5 #fl7 t?^,ffi<D^^ 
coif f8£*7* LTV^^SrffiWcWJ-e^ 5„ 
[0 0 6 7] rco^^fe. fftf, 8^*-(6]fcfc5^^ 

114 srw-rt, k y bm^mm i3 4i;i 

6) ^M<5o 40 

[0 0 6 8] 0F£<OiI$££jiI3<!:#, 
1 O^fficoTW-teB-rS^V*^ y^-1 1 6Srlfi- 
^tOirtOyj/^^A^lco-lr^^vhft^lg 
J£l 3 HZ^ZthZ Ufy/STS 8) o tLT^ 
1 OSMgKfigft&t;:*-^ y/ S T 3 6 t£M5 0 

[0069] L7>5&, =f-Mc&mir?> t mmzmm 
n-rh. mftm. R^mfo^mam^v. k 

y 1 3 4 uitt, rcooL ING/DOW 

Nj tm^&tlZ U7 77'ST3 : ?) o rtO*^li*=>e> so 



75 

2 ?>ffii§-t-£ £ , Ky N^SttE 13 4 fcfi, L 

7-f «/^St^$tbS (^fy7'ST4 0) „ 
[0 0 7 0] rcOSRtt[ll«#t±lCO^TC0^7 7^ 5/^ 
3t^±, 013 (a) fcjjH-J:5fc, Si\,«Htt<DI&«p 

ffflteK-SrflliSifc 1 50t brtgffi?)co*4t?T^e.±(c 
Mtf3^7 7:g^tc-t2J?>&;b5„ ^UT, 013 
(b) K:gH-J:5t,.2»M«)liI«<|«4*s«-a$*t5 e 
- COM 0 3 co-fe ^ V h *^|gJ^ 1 3 3 »Cf±, K -y h 
**flWU 3 4tC*^$tufc^9 7cOiK¥ttcoS^i5 

[00 7 1] r.co4M&tf>£>, 8^|Sj{Cfe5^^v^-f 
y?-l 1 4&ft-rk. b'y h^ffllfcl 3 4K TpuL 
SE/RESULTJ tl. 5#ra**$ttfc^ (^7 
S/^ST4 1) , Ks> h*^i£l 3 4iC|±, 

S/^ST4 2) . 8mjjfalZhZ#?^Xs{ y?- 

ll4Srjf-Ti:, Ky hftsgHMKl 3 4tc rp i tch 
/RESULT! tl. 5#ra*^$tT/fc^ yzf 
ST4 3) , K7K^«13 4l:t4, ^\5\<Dt y V 

ST4 4) , &&fi3fa\Z.hZ > tfd'>?.y( yj-l 

14SrJfi-t > Kj'hS/T®«(13 4t TCOOLIN 
G/DOWNJ t l. 5fJ>M*^$nfc^ (^7 5'7'S 
T4 5) , b'y b&7jk&t$il 3 4lZ=t—/U\_,tz1£lfe<Dm 

(^75'7"ST4 0) tI5„ 

[0072] ?ijb\ ^-/vltci^i^, mw*fri omm 

H**^l 3 4tCte, ^HICO^SrlEtibTjb^^ 

Tj^co^rt r pro tect/memo ? yj 

U75'7"ST46) , mm*&l 0&ffi(D±W\ZtiLm 
-t-Ztffyxj yj-l l 7£rjf LT TyESj ijl^-f 
5 t % Ks» 13 4 K»±, ^l&SrgE«*n.S'PT- 

feSiLt fMEMORYj irS^^tv- (^fi'T'ST 

47) . 2wmzK, ®mim uxs^sts n \z 

[0 0 7 3] ZWVyf&rRXtmttiftb LXOfrffltm 
TlfctC, 4&f<Djjfa\z3bZ>tf?y*<<( yf-1 1 2Sr 
if-rtv 08(c^UfcJ; 7^7"^^AO!)3-;v 
(^f 5 '7"STi3) \z®<9mt>z>« r.co-=e— K 

7)^. 4^co*-(6]{^fc5^^ -y^l l 2Sr#-T 

i: , V =" — A^— K (^fy/STl 

4) {c^j«9^5c rco^e— Ktisv^t), Ky HS* 
®«l3 4fcn N Vy^RXfimtemvftffl&imk&y'y 

^(pl^fes^^ v^^ y^i i 2-Hf-Ti, ■MPtHt—K 
(^75'7'STl 1) .^jSS.- 

i[;0O 7 4^1 ^©^- KtMLfcttl), M.i co-fei// 
y h*9g|$l 3 3 tC B H.2 CD* >- 
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i mej t<Dm\ft%iKft'nK>frz>ft. z.<Dm^±. ztw 

©ii&ttfl (^f-^STlS) 

[0075] (ias«r©k*s»*) «±© <t o fMb 
a iwiLfc t # wowbio 2 / 3 m\c&m-fz>m 

«»?)tyf**65, lot, jfefr««t«(*fTi*©^i« 
[0 0 7 6] *«-et±, gi«g©Jl?&Slt©l/3 

mmztt lt i / 2 «£t±os(B©fit«!<r6i^-e 
t>» s*Sc©ii&ii:*5 1 5 om/ftu±x*hz> tmmi, 

fctfrtttUAT, **Stfi«3i«^St-C*)5i:»f^i- 

KliBHi-SIRofcJpJItfrSrfcih-e* 5„ 

mw<0%jm £JLL©4.5K, *J8MK:«Sf y^W-e 
f4, frfbm^-SrJlifi^W Ufcmco^^^ h^-Mc**^ 
T» fc&fcff* 1 0 0lHl/»«±©««»««fctlJ^-t- 

$>5W4, ^tTNFCO«*«^^-t-5^3il5PfeT-*)5^ 

[0 0 7 8] Sfefcl. «Ip»OHaHfc©l/3fflF*fc»± 

±T-*>5 1 Htf bfc i S fctt D*T«i»fett« 3 ASPS? 
LJ5c*sfe«-2*W«ET*)5*»|5-9iWPISE'C*>S*»*r 



(10) 

[02 ] 111 l tc^tmffAm74IWoSB4:{(co3piiiB 

T?fc3o 

[03] ei i »c^-m«fflm^«8is©3ig*^*as^ 

io [05] 0lt^i-««fflm^t8«©»JfflJgB (flftjg^- 

^tosasst^tv^x-^Msiaj) 

[06] BlK*ii»*JB«^«ik:4sv^-c, \£y?-* 
*«>5IBDa*r»Wt-5fc«>©»WB|-C*>o-C, (a) 

fcHfc*^ h7A, (b) tt\ *fTB*K#?>nfciBW 

So 

[07] ms\^ir\?y^—#&mu<o¥y^$@m 
[08]0i ic^-r^^mT-asgco^^- Kfe*-«& 

[0 9] (a) f4 v 0 8 tc^i-^e— K© 5 *>B#fHe— K 

im&ztiitkz<D&tom*&mirmmm. a) 
[0i o] mii^irmmmn^mm^^x, 

• [01 I k ( ai)>44 v~ 01- 0 icm-t-fe-.y ^ft^Pttf |: ; 
so t LT©^— y?*— K»-^Jt)l^t>ofct(0*^COrt 

! -**«r«-*-RW&r~( b) »4; s©*^tf|r*5Vv-ctfillf 

[012] (a) tt, 01 lteSH-tTy^-W-AlWIRtttf 

vft\zmm^tcWb<D&mtem*mirmmm, (c) 
^0-efe5, 

40 [013] (a) l±, 01l:/TtiSfflf^iSl:*5^ 

t, PttS:©thi|iJSr#it-t-5 «t 5 »c fc ©tW^as fcofcet 

i-ttWBU (b) 14, BRttSc^Bf^^^v'rtd^^-H 

[014] ( a ) f±, &*© f y ^tHc*3lt 5 
Sr/</»/^aEiftUfc«©«E»H," (b) tt, (»oeyf 

5fc*©)S^0-efc5„ 

[^■§•©1618] 
so i • - -MffAV^m (tfyftt) 
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IffilEtt&mg*] 002 2 

[0 0 2 2] 81**1 0©6^FCD*-|ol{C*3^T, MM 
U 1 1 9 frh&ttn 10 6 f$H-tr—X 1 

-l'fc-frlw^^n-C^ffiffll 1 9»C^tUTj^,l 15° 
<0^«^^i-lHl^lhi6g|51 0 8t4-aTV^. 

yxf/^Ki 2{cJ:oT^«**l o^fe(©#-i- 
L (B5) <D±.ffiMLl &<Dfp<r>m) ictiLm-tz X 0 K 

mmi-tztz. vsu^—xi KDMmm 1 9te* ^# 

L©±ffig|5L 1 @teil:«>gp 1 O 814. 

^#Rtofciffl!)ffigpL2jrsg-r5o ^w^-e, mm 
xtti oommm 1 9i±, m-fi-RtR-wu&mc&c 

IslteltJt>gB 1 0 8 t^ffigpl 1 9t©Ift 

mm&i i9tii % »n5° b^5ffiM¥mzmm&) 

^B©*(pj(clsl^5 t LTfc, 8«**10tt, JfaL 
<OJ5 9 *T&mz-?th9£\,\ SffigSl 1 9&tf|5i 

&Jh«>gBl 0 8^ioTffiB<O|ali9O>1-{a)2*0ft?yiB* 
#1 0©H]e$r^$!Ji-5fc'fj-T*fe5fe*!)v m i H®<X 

i>. mm&i i 9^t^iH]^ihJ6gBi o 8 &mmzm\z& 

I^«IE2l 
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[003 3] ( tr y °f-m&M<nm&Q 

t?y?-m&n5 6 OKU. B»f^^&i6:WJ:W^T-^ 

2 / 3 mzi®)M i -s-z>m®.m*m-rz>m> 
•^^©flr^fes^iiftwi^sjB 2«aws» 5 6 
7^^^tvT^5„ tv^ssggps 6 ok 

ai i m&un 5 6 6 ^i$isoiiSt^© i / 3 m\z 

-<?*>* fc*l«H-Sfl|-tf«glJtt 5 6 8 imijiShttS «J , 
^cD«^JSUgl5 5 6 8tt, ^2«Sg®ffl5 S 6 7 ^*i»St 
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PROBLEM TO BE SOLVED: To provide a pitch meter 
capable of measuring pitch at either time of running and 
walking and without necessitating any external operation 
for switching the setting of conditions between running 
and walking. 

SOLUTION: In the pitch arithmetic part of a portable 
electronic equipment, at the spectrum after the 
frequency of a body action signal is analyzed, line 
spectrums SA2 and SB3 with high level appearing in the 
area of >100times/sec are second higher harmonic 
waves corresponding to a basic wave at the time of 
running or third higher harmonic waves corresponding to 
a basic wave at the time of walking. Then, it is found 
whether the line spectrums SA2 and SB3 are the second 
higher harmonic waves or the third higher harmonic 
waves, and when the signal as the second higher 
harmonic wave is judged, the pitch is found from its 
frequency but when the signal as the third higher 
harmonic wave is judged, the pitch is found from value 
corresponding to that 2/3-fold frequency. 
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CLAIMS 



[Claimfa)] 

[Claim 1] In the analysis result of the body motion sensor which detects a body motion, a 
frequency-analysis means to carry out frequency analysis to the detection result of this body 
motion sensor, and this frequency analysis means While power specifies the signal which exists 
more than predetermined level as a criteria wave for asking for a pitch in the field more than a 
predetermined frequency It judges whether this criteria wave is the 2nd higher harmonic over 
the fundamental wave of a body motion, or it is the 3rd higher harmonic. Pitchometer 
characterized by having a pitch operation means to ask for a pitch from the frequency when it 
judges that this criteria wave is the 2nd higher harmonic wave, and to calculate a pitch from the 
value which corresponds by 2/3 time the frequency when it judges that this criteria wave is the 
3rd higher harmonic wave. 

[Claim 2] A 1st wave check means to judge whether said pitch operation means has the signal of 
the high level which has the frequency which corresponds by 1/3 time the frequency of said 
criteria wave in claim 1, Pitchometer characterized by having a signal distinction means to judge 
said criteria wave to be the 2nd higher harmonic wave over said fundamental wave when it 
judges that there is no signal of the high level which has the frequency on which this 1st wave 
check means corresponds by 1/3 time the frequency of said criteria wave. 

[Claim 3] A 2nd wave check means to judge whether said pitch operation means has the signal of 
the high level which has the frequency which corresponds by 2/3 time the frequency of said 
criteria wave in claim 1, Pitchometer characterized by having a signal distinction means to judge 
said criteria wave to be the 2nd higher harmonic wave over said fundamental wave when it 
judges that there is no signal of the high level which has the frequency on which this 2nd wave 
check means corresponds by 2/3 time the frequency of said criteria wave. 

[Claim 4] It has a 2nd wave check means to judge whether said pitch operation means has the 
signal of the high level which has the frequency which corresponds by 2/3 time the frequency of 
said criteria wave in claim 2. It is judged that said signal distinction means does not have the 
signal of the high level which has the frequency on which said 1st wave check means corresponds 
by 1/3 time the frequency of said criteria wave. And pitchometer characterized by being 
constituted so that said criteria wave may be judged to be the 2nd higher harmonic wave over 
said fundamental wave, when it judges that there is no signal of the high level which has the 
frequency on which said 2nd wave check means corresponds by 2/3 time the frequency of said 
criteria wave. 

[Claim 5] In claim 2 thru/or one term of 4 said signal distinction means Based on the check result 
of whether there is any signal of the high level which has a frequency equivalent to the 
predetermined multiple of the frequency of said criteria wave, said criteria wave is judged to be 
the 3rd higher harmonic over said fundamental wave. And it is the pitchometer characterized by 
being constituted so that it may conclude that said criteria wave is the 3rd higher harmonic wave 
over said fundamental wave when said criteria wave judges that it is more than predetermined 
frequency level. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique for asking for a pitch in more 
detail about pitchometer from the body motion signal detected at the time of transit or a walk. 
[0002] 

[Description of the Prior Art] In pitchometer, by the acceleration sensor built in it, a body motion 
signal is detected and it is asking for the pitch from this body motion signal. For example, if 
pulse conversion is carried out after amplifying a body motion signal, the pulse shape shown in 
drawing 14 (a) will be obtained. Thus, an error is large although there is the approach of setting 
up a predetermined threshold from pulse separation being irregular according to a run state, and 
counting a pulse in the obtained pulse shape. Then, as shown in drawing 14 (b), in case a pulse is 
counted, by setting up mask time amount, a pulse is counted per two shots and the approach of 
raising detection precision is used. For example, if a pulse period counts the pitch at the time of 
transit as a pulse which is 0.8 seconds - 0.6 seconds by usually setting mask time amount as 0.5 
seconds a part for /-, and 200 times 150 times since it is a part for /and is 0.4 seconds - 0.3 
seconds a pulse period as shown at periods T1-T2, it will count a pulse per two shots. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in the conventional pitchometer, since mask 
time amount is set up according to the pitch at the time of transit, there is a trouble that the 
pitch at the time of a walk is immeasurable. That is, in the time of a walk, when mask time 
amount is set as 0.5 seconds since a pulse period becomes 0.6 seconds - 0.4 seconds as period T3 - 
T.four show to drawing 14 (b) and a pitch is a part for 100 times/, the pulse of the 1st shot will be 
counted and misregistration of the pitch will be carried out. 

[0004] So, in the conventional pitchometer, when it is going to measure any pitch at the time of 
transit and a walk, the external actuation which switches a setup of mask time amount is 
required of the case where he walks with the case where it runs, and there is a trouble of being 
user-unfriendly. 

[0005] In view of the above trouble, the technical problem of this invention can measure a pitch 
also in any at the time of transit and a walk, and, moreover, offering unnecessary pitchometer 
has the external actuation for switching conditioning between the times of walking with the time 
of running. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in the 
pitchometer concerning this invention In the analysis result of the body motion sensor which 
detects a body motion, a frequency-analysis means to carry out frequency analysis to the 
detection result of this body motion sensor, and this frequency-analysis means While power 
specifies the signal which exists more than predetermined level as a criteria wave for asking for 
a pitch in the field more than a predetermined frequency It judges whether this criteria wave is 
the 2nd higher harmonic over the fundamental wave of a body motion, or it is the 3rd higher 
harmonic. It is characterized by having a pitch operation means to ask for a pitch from the 
frequency when it judges that this criteria wave is the 2nd higher harmonic wave, and to 
calculate a pitch from the value which corresponds by 2/3 time the frequency when it judges that 
this criteria wave is the 3rd higher harmonic wave. 

[0007] In this invention said pitch operation means For example, a 1st wave check means to 
judge whether there is any signal of the high level which has the frequency which corresponds by 
1/3 time the frequency of said criteria wave, When it judges that there is no signal of the high 
level which has the frequency on which this 1st wave check means corresponds by 1/3 time the 
frequency of said criteria wave, it constitutes so that it may have a signal distinction means to 
judge said criteria wave to be the 2nd higher harmonic over said fundamental wave. 
[0008] Moreover, a 2nd wave check means to judge whether said pitch operation means has the 
signal of the high level which has the frequency which corresponds by 2/3 time the frequency of 
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said criteria wave, When it judges that there is no signal of the high level which has the 
frequency on which this 2nd wave check means corresponds by 2/3 time the frequency of said 
criteria wave, it constitutes so that it may have a signal distinction means to judge said criteria 
wave to be the 2nd higher harmonic over said fundamental wave. 

[0009] Moreover, a 1st wave check means to judge whether said pitch operation means has the 
signal of the high level which has the frequency which corresponds by 1/3 time the frequency of 
said criteria wave, It has a 2nd wave check means to judge whether there is any signal of the 
high level which has the frequency which corresponds by 2/3 time the frequency of said criteria 
wave. Said signal distinction means It is judged that there is no signal of the high level which 
has the frequency on which said 1st wave check means corresponds by 1/3 time the frequency of 
said criteria wave. And when it judges that there is no signal of the high level which has the 
frequency on which said 2nd wave check means corresponds by 2/3 time the frequency of said 
criteria wave, you may constitute so that said criteria wave may be judged to be the 2nd higher 
harmonic over said fundamental wave. 

[00 10] It is desirable to constitute so that it may conclude that said criteria wave is the 3rd 
higher harmonic wave over said fundamental wave when said criteria wave is judged to be the 
3rd higher harmonic wave over said fundamental wave based on the check result of whether 
there is any signal of the high level which has a frequency equivalent to the multiple of the 
frequency of said criteria wave set to this invention and predetermined in said signal distinction 
means and it judges that it is more than frequency level predetermined in said criteria wave. 
[0011] 

[Embodiment of the Invention] One example of this invention is explained based on a drawing. 
[0012] (Whole configuration) Drawing 1 is the explanatory view showing the configuration of the 
portable electronic device (pitchometer) of this example. 

[0013] In drawing 1 , the profile configuration of the portable electronic device 1 of this example 
is carried out from the body 10 of equipment which has wrist watch structure, the cable 20 
connected to this body 10 of equipment, and the sensor unit 30 for pulse wave detection prepared 
in the tip side of this cable 20. The connector piece 80 is constituted at the tip side of a cable 20, 
and this connector piece 80 can be freely detached and attached to the connector area 70 
constituted at the 6-00 side of the body 10 of equipment. The body 10 of equipment can be freely 
detached [ the wristband 12 which coils around an arm from 12 "00 in a wrist watch, and is fixed 
to the body 10 of equipment in a direction at that 6*00 is formed, and ] and attached on an arm 
with this wristband 12. From the root of an index finger before the knuckle is equipped with the 
sensor unit 30 for pulse wave detection, being shaded with the band 40 for sensor immobilization. 
Thus, if the root of a finger is equipped with the sensor unit 30 for pulse wave detection, since a 
cable 20 will be short and will end, a cable 20 does not become obstructive during running. 
Moreover, if distribution of the temperature from a palm to a fingertip is measured, when cold, 
the temperature of the root of a finger will not fall comparatively to the temperature of a 
fingertip falling remarkably. Therefore, even when equipping the root of a finger with the sensor 
unit 30 for pulse wave detection and it runs outdoors on a cold day, a pulse rate etc. can be 
measured correctly. 

[0014] (Configuration of the body of equipment) The top view shown after drawing 2 has removed 
the body of equipment of the portable electronic device of this example for the wristband, the 
cable, etc., and drawing 3 are the side elevations which saw the portable electronic device from 
the direction of 3-00. 

[0015] drawing 2 - setting the body 10 of equipment - the clock housing 11 (body case) made of 
resin - having - **** - the front-face side of this clock housing 11 " current time and a date ~ in 
addition, the liquid crystal display 13 (display) with EL back light which displays pulse wave 
information, such as a pitch at the time of transit and a walk and a pulse rate, etc. is constituted. 
The 1st segment viewing area 131 located in the upper left side of the screen, the 2nd segment 
viewing area 132 located in an upper right side, the 3rd segment viewing area 133 located in a 
lower right side, and the dot viewing area 134 located in a lower left side are constituted by the 
liquid crystal display 13, and graphical display is possible in various kinds of information in the 
dot viewing area 134. 
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[0016] The body motion sensor 90 for asking for a pitch is built in the interior of clock housing 11, 
and an acceleration sensor etc. can be used as this body motion sensor 90. Moreover, while 
asking for change of a pulse rate etc. based on the detection result (pulse wave signal) by the 
sensor unit 30 for pulse wave detection while asking the interior of clock housing 11 for a pitch 
based on the detection result (body motion signal) by the body motion sensor 90 in order to 
display it on it with a liquid crystal display 13 and, in order to display it with a liquid crystal 
display 13, the control section 5 which performs various kinds of control and data processing is 
constituted, a control section 5 — a time check - since the circuit is also constituted, time of day, a 
lap time, split time, etc. can usually be displayed on a liquid crystal display 13. 
[0017] The button switches 111*115 for performing external actuation of time-of-day doubling, a 
switch of a display mode, etc. are constituted by the periphery section of clock housing 11. 
Moreover, the larger button switches 116 and 117 are constituted on the surface of clock housing. 
[0018] The power source of a portable electronic device 1 is the small cell 59 of the carbon button 
form built in clock housing 11, and a cable 20 has inputted the detection result of the sensor unit 
30 for pulse wave detection into the control section 5 of clock housing 11 while supplying power 
to the sensor unit 30 for pulse wave detection from a cell 59. 

[0019] Although it is necessary to follow on increasing the function and to enlarge the body 10 of 
equipment in a portable electronic device 1, since there is constraint that an arm is equipped, if 
the body 10 of equipment is turned in the direction of 6^00 in a wrist watch, and 12^00, it is 
unexpandable to the body 10 of equipment. So, in this example, the oblong clock housing 11 with 
the die-length dimension longer than the die-length dimension in the direction which it will be in 
6^00 and 12-00 in the direction of 3-00 and 9^00 is used for the body 10 of equipment. However, 
although a wristband 12 has the big overhang part 101 in the direction of 9-00 in a wrist watch 
in view of a wristband 12 since it has connected in the location which inclined toward the 
direction side of 3^00, the starting big overhang part does not have it in the direction of 3-00. 
Therefore, the back of a hand is not thrown at clock housing 11, although a wrist can be bent 
freely comparatively using the oblong clock housing 11 and it falls over at it. 

[0020] In the interior of clopk housing 11, the flat piezoelectric device 58 for buzzers is arranged 
in the direction of 9-00 to the cell 59. Since it is heavy as compared with a piezoelectric device 58, 
a cell 59 has the center-of-gravity location of the body 10 of equipment in the location which 
inclined in the direction of 3*00. Since the wristband 12 has connected with the side toward 
which this center of gravity inclines, it can equip with the body 10 of equipment in the condition 
of having been stabilized on the arm. Moreover, since the cell 59 and the piezoelectric device 58 
are arranged in the direction of a field, while being able to carry out [ thin shape Hzing of the 
body 10 of equipment, as shown in drawing 3 , a user can exchange a cell 59 easily by forming the 
cell lid 118 in the flesh-side surface part 119. 

[0021] (Wearing structure to the arm of the body of equipment) In drawing 3 , the connection 
section 105 for holding the stop shaft 121 attached in the edge of a wristband 12 is formed in the 
direction of 12-00 of clock housing 11. While the wristband 12 wound around the arm is turned 
up in the direction of 6-00 of clock housing 11 in a location in the middle of the die-length 
direction, the receptacle section 106 in which the fastener 122 for holding a location this middle 
is attached is formed in it. 

[0022] In the direction of 6-00 of the body 10 of equipment, the part which receives from the 
flesh-side surface part 119, and results in the section 106 is the niting section 108 which is 
fabricated by clock housing 11 and one and makes the include angle of about 115 degrees to the 
flesh-side surface part 119. That is, when it equips with the body 10 of equipment so that it may 
be located in the top-face section LI (back side of a hand) of the right wrist L (arm), while the 
flesh-side surface part 119 of clock housing 11 sticks it to the top -face section LI of Wrist L with a 
wristband 12, the niting section 108 contacts the lateral portion L2 with Radius R. In this 
condition, while the flesh-side surface part 119 of the body 10 of equipment is in the sensibility 
over Ulna U as Radius R, if it applies to the niting section 108 of the niting section 108 and the 
flesh-side surface part 119 from a part for a flection 109, it becomes the sensibility which 
contacts Radius R. Thus, since [ which it says is about 115 degrees with the niting section 108 
and the flesh-side surface part 119 ] the ideal include angle is made anatomically, even if it is 
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going to turn the body 10 of equipment in the direction of an arrow head A or an arrow head B, 
the body 10 of equipment does not shift the surroundings of Arm L superfluously. Moreover, 
while the niting effectiveness is certainly acquired since the flesh-side surface part 119 and the 
niting section 108 touch an arm certainly even if an arm is thin in order to only regulate rotation 
of the body 10 of equipment at two surrounding one side of an arm by the flesh-side surface part 
119 and the niting section 108, even if an arm is thick, there is no stiff sensibility. 
[0023] (Configuration of the sensor unit for pulse wave detection) Drawing 4 is the sectional view 
of the sensor unit for pulse wave detection of this example. 

[0024] in drawing 4 , as for the sensor unit 30 for pulse wave detection, the back lid 302 should 
cover the background of the sensor frame 36 as the case object -- the components storage space 
300 is constituted by ****** inside. The circuit board 35 is arranged inside the components 
storage space 300. The electronic parts of LED31, a photo transistor 32, and others are mounted 
in the circuit board 35. The edge of a cable 20 is fixed to the sensor unit 30 for pulse wave 
detection by the bush 393, and each wiring of a cable 20 is soldered on the pattern of each circuit 
board 35 at it. Here, the sensor unit 30 for pulse wave detection is attached in a finger as a cable 
20 is pulled out from the root side of a finger at the body 10 side of equipment. Therefore, LED31 
and a photo transistor 32 will be arranged along the die-length direction of a finger, among those 
LED31 is located in the tip side of a finger, and a photo transistor 32 is located in the direction of 
the root of a finger. Thus, when it arranges, it is effective in the ability of outdoor daylight not to 
reach a photo transistor 32 easily. 

[0025] In the sensor unit 30 for pulse wave detection, with the translucent plate 34 which 
becomes the top-face part (substantial pulse wave signal detecting element) of the sensor frame 
36 from a glass plate, the light transmission aperture was formed and, as for LED31 and a photo 
transistor 32, the luminescence side and the light-receiving side are turned to the direction of a 
translucent plate 34 to this translucent plate 34, respectively. For this reason, if a finger front 
face is stuck on the outside front face 341 (the contact surface / sensor side on the front face of a 
finger) of a translucent plate 34, while LED31 emits light towards a finger front-face side, a 
photo transistor 32 can receive the light reflected from a finger side among the light which 
LED31 emitted. Here, the outside front face 341 of a translucent plate 34 has structure projected 
from the perimeter part 361 at the purpose which raises the adhesion on the outside front face 
341 of a translucent plate 34, and the front face of a finger. 

[0026] In this example, as LED31, blue LED of an InGaN system (indium-gallium-nitrogen 
system) is used, the emission spectrum has a luminescence peak in 450nm, and the 
luminescence wavelength field is located in the range from 350nm to 600nm. It is made to 
correspond to LED31 which has this luminescence property, and in this example, as a photo 
transistor 32, the photo transistor of a GaAsP system (gallium-arsenic-Lynn system) is used, the 
light-receiving wavelength field of a component own [ the ] has a main sensibility field in the 
range from 300nm to 600nm, and a sensibility field is in 300nm or less. 

[0027] Thus, the root of a finger is equipped with the constituted sensor unit 30 for pulse wave 
detection with the band 40 for sensor immobilization, if light is irradiated towards a finger in 
this condition from LED31, this light will reach a blood vessel, a part of light will be absorbed by 
the hemoglobin in blood, and a part will reflect by it. The light reflected from the finger (blood 
vessel) is received by the photo transistor 32, and the light income change is equivalent to blood 
volume change (pulse wave of blood). That is, if blood volume decreases while the reflected light 
becomes weak, when there is much blood volume, since the reflected light will become strong, a 
pulse rate etc. is measurable if change of reflected light reinforcement is detected. 
[0028] In this example, the light-receiving wavelength field has used the photo transistor 32 of 
the range from 300nm to 600nm with LED31 which has a luminescence wavelength field in the 
range from 350nm to 600nm, and biological information is displayed based on the detection 
result in the wavelength field from about 300nm to about 600nm which is the lap field, i.e., 
wavelength field about 700nm or less. If this sensor unit 30 for pulse wave detection is used, 
among the light by which outdoor daylight is contained in outdoor daylight in the exposed part of 
a finger, as for light 700nm or less, a wavelength field will make a finger a transparent material, 
and even a photo transistor 32 (light sensing portion) will not be reached. It is because the 
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wavelength field where the reason is included in outdoor daylight does not arrive to a photo 
transistor 32 through a finger even if outdoor daylight is irradiated by the part of the finger 
which is not covered in the band 40 for sensor immobilization since light 700nm or less cannot 
tend to penetrate a finger easily. On the other hand, if LED which has a luminescence peak, and 
the photo transistor of a silicon system are used near 880nm, the light-receiving wavelength 
range will reach the range from 350nm to 1200nm. In this case, since a pulse wave will be 
detected based on the detection result by light with a wavelength of 1 micrometer which reaches 
even a light sensing portion easily by making a finger into a transparent material, the incorrect 
detection resulting from fluctuation of outdoor daylight tends to take place. 

[0029] Moreover, since pulse wave information has been acquired using the light of wavelength 
field about 700nm or less, the S/N ratio of the pulse wave signal based on blood volume change is 
high. As the reason, since it is large several times to about 100 or more times and wavelength 
changes with sensibility sufficient to blood volume change as compared with the absorbancy 
index to the light whose wavelength whose absorbancy index to the light from 300nm to 700nm 
is the conventional detection light is 880nm, the hemoglobin in blood is considered with since the 
detection ratio (S/N ratio) of the pulse wave based on blood volume change is high. 
[0030] As shown in drawing 5 , (Configuration of a control section) To a control section 5 The 
pulse wave data-processing section 55 which asks for a pulse rate etc. based on the input result 
from the sensor unit 30 for pulse wave detection, The pitch data-processing section 56 which 
asks for a pitch based on the input result from the body motion sensor 90 is constituted. The 
pitch data-processing section 56 and the pulse wave data-processing section 55 By outputting 
information, such as a pitch and a pulse rate, the display of this information to a liquid crystal 
display 13 is enabled. In addition, a part of pitch data-processing section 56 and pulse wave 
data-processing section 55 consist of microcomputers which operate by the program stored, and 
the block diagram has shown it to drawing 5 about the function of this microcomputer. 
[0031] First, in the pulse wave data-processing section 55, after pulse wave signal magnification 
and a transducer 551 amplify the signal inputted through the cable 20 from the sensor unit 30 
for pulse wave detection, it changes into a digital signal and outputs to the pulse wave signal 
storage section 552. The pulse wave signal storage section 552 is RAM which memorizes the 
pulse wave data changed into the digital signal. The pulse wave signal operation part 553 reads 
the signal memorized by the pulse wave signal storage section 552, performs the fast Fourier 
transform (FFT processing) as frequency analysis to it, and inputs the result into the pulse wave 
component extract section 554. The pulse wave component extract section 554 extracts a pulse 
wave component from the input signal from the pulse wave signal operation part 553, outputs it 
to the pulse rate operation part 555, and this pulse rate operation part 555 calculates a pulse 
rate by the frequency component of the inputted pulse wave, and it outputs that result to a liquid 
crystal display 13. 

[0032] Moreover, in the pitch data -processing section 56, after body motion signal magnification 
and a transducer 561 amplify the signal inputted from the body motion sensor 90, it changes into 
a digital signal and outputs to the body motion signal storage section 562. The body motion 
signal storage section 562 is RAM which memorizes the body motion data changed into the 
digital signal. The body motion signal operation part 563 reads the signal memorized by the body 
motion signal storage section 562, performs the fast Fourier transform (FFT processing) as 
frequency analysis to it, and inputs the result into the body motion component extract section 
564. The body motion component extract section 564 extracts a body motion component from the 
input signal from the body motion signal operation part 563, outputs it to the pitch operation 
part 560, and this pitch operation part 560 calculates a pitch by the inputted frequency 
component of a body motion, and it outputs that result to a liquid crystal display 13. 
[0033] (Configuration of pitch operation part) In the pitch operation part 560 The signal which 
has power in the field more than a predetermined frequency more than predetermined level as a 
criteria wave for asking for a pitch Whether there is any signal of the high level which has the 
signal specification section 565 to specify, the 1st wave check section 566 which judges whether 
there is any signal of the high level which has the frequency which corresponds by 1/3 time the 
frequency of a criteria wave, and the frequency which corresponds by 2/3 time the frequency of a 
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criteria wave The 2nd wave check section 567 to judge is constituted, furthermore, when it 
judges that there is no signal of the high level which has the frequency on which the 1st wave 
check section 566 corresponds by 1/3 time the frequency of a criteria wave in the pitch operation 
part 560 The signal distinction section 569 which judges a criteria wave to be the 2nd higher 
harmonic over the fundamental wave of a body motion is constituted. This signal distinction 
section 569 Also when the 2nd wave check section 567 judges that there is no signal of a high 
level in the location of the frequency which corresponds by 2/3 time the frequency of a criteria 
wave, it is constituted so that a criteria wave may be judged to be the 2nd higher harmonic over 
the fundamental wave of a body motion. 

[0034] moreover, even when a criteria wave is judged to be the 3rd higher harmonic over a 
fundamental wave based on the check result of the 1st wave check section 566 and the 2nd wave 
check section 567, the signal distinction section 569 When it judges that it concludes that a 
criteria wave is the 3rd higher harmonic wave over a fundamental wave, and a criteria wave is 
below in predetermined frequency level for the first time when a criteria wave judges that it is 
more than predetermined frequency level, it is constituted so that it may conclude that a criteria 
wave is the 2nd higher harmonic wave over a fundamental wave. 

[0035] In the constituted pitch operation part 560, thus, the signal outputted from the body 
motion signal operation part 563 and the body motion component extract section 564 [ it has the 
spectrum as shown in drawing 6 (a) and (b), and / in quest of this spectrum to a pitch ] the pitch 
operation part 553 It judges whether it is in a walk condition automatically from the difference 
between the spectrum at the time of a walk, and the spectrum at the time of transit, and whether 
it is in a run state, and asks for a pitch by performing the operation which was suitable in each 
case. 

[0036] The principle is as follows. First, as compared with line spectrum SA1 corresponding to a 
fundamental wave, drawing 6 (a) is the typical spectrum at the time of transit, and its line 
spectrum SA2 which line spectrum SA1 corresponding to the fundamental wave of a body motion 
and line spectrum SA2 equivalent to the 2nd harmonic content to the fundamental wave of a 
body motion appear, among those is equivalent to the 2nd harmonic content is [ level is 
remarkable and ] high. It is because vertical movement comes out equally when the step of the 
left leg is carried out to the time of carrying out the step of the right leg at the time of transit, so 
the 2nd higher harmonic of a body motion component appears. Moreover, although the 
fundamental wave of the swing of an arm is equivalent to pendulum movement which makes a 
start and pull back of an arm a round term, only a part with it difficult [ to make the swing of an 
arm smooth pendulum movement ] at the time of transit is because the power of the 
fundamental wave of the swing of an arm becomes weakness. Furthermore, since acceleration is 
applied to the start of an arm, and each moment of pull back, the 2nd higher harmonic is because 
it comes out more strongly than the fundamental wave of the swing of an arm. 
[0037] On the other hand, drawing 6 (b) is the typical spectrum at the time of a walk, and line 
spectrum SB1 corresponding to the fundamental wave of a body motion, line spectrum SB2 
equivalent to the 2nd harmonic content to the fundamental wave of a body motion, and line 
spectrum SB3 equivalent to the 3rd harmonic content to the fundamental wave of a body motion 
appear. At the time of this walk, the signal component to which there is no vertical movement in 
a body motion, and the time of transit originates in a gesture appears strongly, and that 
description appears in line spectrum SB1 corresponding to a fundamental wave. Consequently, 
although the ratio of each line spectrums SB1, SB2, and SB3 is not fixed, as compared with the 
time of transit, the ratio of line spectrum SBl to line spectrum SB2 is strong at the time of a 
walk. Therefore, line spectrum SBl corresponding to the fundamental wave of a body motion and 
line spectrum SB3 equivalent to the 3rd harmonic content have level higher than line spectrum 
SB2 equivalent to the 2nd harmonic content. 

[0038] And line spectrum SA2 corresponding to the 2nd higher harmonic at the time of transit, 
line spectrum SB2 corresponding to the 2nd higher harmonic at the time of a walk, and line 
spectrum SB3 corresponding to the 3rd higher harmonic at the time of a walk usually appear in 
the above frequency domain by /100 times. Therefore, the above frequency domain is supervised 
by /100 times, and if it judges whether the signal of a high level is the 2nd higher harmonic over 
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a fundamental wave among the signals which appeared there, and whether it is the 3rd higher 
harmonic, it can distinguish whether it is in a run state, and whether it is in a walk condition. 
That is, at the time of a walk, since the 3rd higher harmonic wave over a fundamental wave 
appears in the above frequency domain as a signal of a high level by /100 times, if it can judge 
that this signal is the 3rd higher harmonic wave, the pitch at the time of a walk can be calculated 
from the value which hung 2/3 time on the frequency of this signal. On the contrary, at the time 
of transit, since the 2nd higher harmonic wave over a fundamental wave appears in the above 
frequency domain as a signal of a high level by /100 times, if it can judge that this signal is the 
2nd higher harmonic wave, it can ask for the pitch at the time of transit from the frequency of 
this signal. 

[0039] Then, the pitch operation part 560 performs processing based on the flow chart shown in 
drawing 7 using the difference between the pattern at the time of transit of this spectrum, and 
the pattern at the time of a walk, and asks for a pitch. 

[0040] First, at a step ST 1, the highest signal (line spectrum) of level is found from the spectrum 
after a frequency analysis. This signal is the candidate of the signal which should serve as a 
criteria wave for asking for a pitch. At a step ST 2, the frequency of this criteria wave judges 
[ 100 times ] whether it is above by /. 

[0041] Here, 100 times, if the frequency of a criteria wave is the following by /, it will find 
another candidate in a step ST 3, and it finds a signal with the highest level as a criteria wave 
out of the signal except a previous signal in a step ST 4. When a suitable signal is not found, in 
this processing, in a step ST 5, the pitch measured last time is made into this pitch as it is, and 
this value is decided as a pitch in a step ST 6. 

[0042] On the other hand, if the signal of the above high level is found by /100 times while 
performing processing at steps ST3 and ST4, it will judge whether there is any signal which 
makes this signal a criteria wave, and has a frequency 1/3 time the frequency of this criteria 
wave at a step ST 7, and has the amplitude of 1/2 twice or more to criteria wave amplitude. 
[0043] When it has the frequency which corresponds by 1/3 time the frequency of a criteria wave 
at a step ST 7 and there is no signal of the amplitude of 1/2 twice or more to criteria wave 
amplitude, in a step ST 8, it judges whether there is any signal which has the frequency which 
corresponds by 2/3 time the frequency of a criteria wave, and has the amplitude of 1/2 twice or 
more to criteria wave amplitude. 

[0044] If it has the frequency which corresponds by 1/3 time the frequency of a criteria wave at a 
step ST 8 and there is no signal of the amplitude of 1/2 twice or more to criteria wave amplitude, 
since a criteria wave can be judged to be a signal equivalent to the 2nd harmonic content, it will 
decide this value as a pitch as it is in a step ST 6. 

[0045] On the other hand, in a step ST 7, when it has the frequency which corresponds by 1/3 
time the frequency of a criteria wave and there is a signal of the amplitude of 1/2 twice or more to 
criteria wave amplitude, in a step ST 9, it judges whether the frequency of this criteria wave is 
above by 150 times/. This 150 time, the value of a part for /was a 1.5 times [ for /] as many 100 
times numeric value as this, in the usual case, the pitch during a walk was a part for part [ for 
100 times/- ], and 150 times/, and 150 times, a part for /-, and 200 times, since the pitch under 
transit was a part for /, it was used for reconfirmation of a walk condition or a run state 
bordering on the numeric value of a part for /150 times. Therefore, in a step ST 9, when the 
frequency of a criteria wave judges that it is above by /150 times, this criteria wave can be 
checked as it is the 3rd higher harmonic over the fundamental wave at the time of a walk. So, 
since it can be concluded that a criteria wave is a signal equivalent to the 3rd harmonic content, 
in a step ST 10, it doubles the frequency of this signal 2/3, and decides as a pitch this value 
doubled 2/3 in a step ST 6. 

[0046] Moreover, even when it has the frequency which corresponds by 1/3 time the frequency of 
a criteria wave in a step ST 7 and there is no signal of the amplitude of 1/2 twice or more to 
criteria wave amplitude, it sets to a step ST 8. When it is judged that it has the frequency which 
corresponds by 2/3 time the frequency of a criteria wave, and there is a signal of the amplitude of 
1/2 twice or more to criteria wave amplitude In a step ST 9, when it judges whether the 
frequency of this criteria wave is above by 150 times/and the frequency of a criteria wave judges 
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that it is above by /150 times, this criteria wave can be checked as it is the 3rd higher harmonic 
over the fundamental wave at the time of a walk. So, since it can be concluded that a criteria 
wave is a signal equivalent to the 3rd harmonic content, in a step ST 10, it doubles the frequency 
of this signal 2/3, and decides as a pitch this value doubled 2/3 in a step ST 6. 
[0047] However, in a step ST 9, if the frequency of this criteria wave is the value of the following 
by 150 times/, it can be judged that a criteria wave is not a signal equivalent to the 3rd harmonic 
content. Therefore, the signal which has one 1/3 time of this criteria wave or 2/3 time the 
frequency of this is a noise to the last, and it can be judged that a criteria wave is the 2nd 
harmonic content. Therefore, in a step ST 6, this value is decided as a pitch as it is. 
[0048] Thus, when there is no signal of the amplitude of 1/2 twice or more in the location of the 
frequency which there is no signal of the amplitude of 1/2 twice or more in the location of the 
frequency which corresponds by 1/3 time the frequency of a criteria wave to criteria wave 
amplitude, and is equivalent to it 2/3 time of the frequency of a criteria wave to criteria wave 
amplitude, a criteria wave is judged to be the 2nd higher harmonic. However, if they are noises 
even when the signal of the amplitude of 1/2 twice or more is in the location of the frequency 
which the signal of the amplitude of 1/2 twice or more is in the location of the frequency which 
corresponds by 1/3 time the frequency of a criteria wave to criteria wave amplitude, or 
corresponds by 2/3 time the frequency of a criteria wave to criteria wave amplitude, it will be 
judged that it is the 3rd higher harmonic accidentally. If the pitch at the time of a walk is in the 
range for /at all a part for A, and 150 times 100 times, in this example, usually then, the 3rd 
higher harmonic at the time of a walk As a frequency appearing to the above field by /150 times, 
the frequency of a criteria wave judges [ 150 times ] whether it is above by /, and when the 
frequency of a criteria wave judges that it is above by /150 times, it is concluded that a criteria 
wave is the 3rd higher harmonic for the first time. 

[0049] (Actuation of a portable electronic device) Since the portable electronic device 1 of this 
example is further switched to clock mode, stop watch mode, the pulsometer mode that combines 
with a time check and measures pulse wave information, and the mode which measures a pitch, 
it explains each mode of the portable electronic device 1 of this example. 

[0050] The contents of a display in each mode performed with a portable electronic device 1 and 
the liquid crystal display 13 at that time are typically expressed to drawing 8 . 
[0051] In drawing 8 , a step ST 11 is in clock mode, the purport which are December 6, 1994 and 
Monday is displayed on the 1st segment viewing area 131, and the purport whose current time is 
10*08 p.m. 59 seconds is displayed on the 2nd segment viewing area 132. It is displayed on the 
dot viewing area 134 as "TIME" noting that the current mode is clock mode. However, in the dot 
viewing area 134, for several seconds immediately after choosing this clock mode is displayed as 
"TIME" as mentioned later. In addition, nothing is displayed on the 3rd segment viewing area 
133. 

[0052] In the portable electronic device 1 of this example, if the button switch 111 which is in a 
direction at 2*00 is pushed at the time of clock mode, when 1 hour passes, for example, an alarm 
sound can be generated, and the generating time of day of this alarm can be set as arbitration. 
Moreover, if the button switch 113 which is in a direction at 11-00 is pushed, EL back light of a 
liquid crystal display 13 will light up for 3 seconds, and the light will be put out automatically 
after an appropriate time. 

[0053] If the button switch 112 which exists in the direction of 4-00 from this mode is pushed, it 
will switch to running mode (step ST 12). This mode is the mode when using a portable electronic 
device 1 as stop watch. In running mode, before starting measurement (standby condition), 
current time is displayed on the 1st segment viewing area 131, and it is displayed on the 2nd 
segment viewing area 132 as "0'00 f *00"*00." In the dot viewing area 134, a graphic switches, after 
displaying for 2 seconds as "RUN" as guidance of the purport which is in running mode. 
[0054] If the button switch 112 which exists in the direction of 4*00 from this mode is pushed, it 
will switch to the recall mode (step ST 13) of a lap time. This mode is the mode which reads the 
lap time measured in the past using the portable electronic device 1, and split time. In the recall 
mode of a lap time, the date is displayed on the 1st segment viewing area 131, and current time 
is displayed on the 2nd segment viewing area 132. For 2 seconds is displayed on the dot viewing 
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area 134 as "LAP/RECALL" as guidance of the purport which is in recall mode, next transition of 
the pulse rate for every newest lap is displayed on it. 

[0055] If the button switch 112 which exists in the direction of 4^00 from this mode is pushed, it 
will switch to the recall mode (step ST 14) of a pulse wave measurement result. This mode is the 
mode which reads the temporal response of the pulse rate which the marathon performed in the 
past used the portable electronic device 1 at the time, and was measured and memorized, and 
the temporal response of the pitch measured in the past using the portable electronic device 1. In 
this recall mode, the date is displayed on the 1st segment viewing area 131, and current time is 
displayed on the 2nd segment viewing area 132. The graph with which for 2 seconds is displayed 
as "RESULT/RECALL", next the temporal response of an average pulse rate is expressed is 
displayed on the dot viewing area 134. 

[0056] If the button switch 112 which exists in the direction of 4>Q0 is again pushed from this 
mode, as an arrow head PI shows, it will return to clock mode (step ST 11). Moreover, in steps 
ST12-ST14, also when the condition that there is no input continues for 10 minutes, as an arrow 
head P2 shows, it returns to clock mode (step ST 11) automatically. When it returns to this clock 
mode, the date is displayed on the 1st segment viewing area 131, and current time is displayed 
on the 2nd segment viewing area 132. 

[0057] Although it is displayed as "TIME" noting that it returns to clock mode so that it may 
expand to the dot viewing area 134 at drawing 9 (a) when it becomes clock mode in this example, 
and it may be shown, as this annunciator is shown in drawing 9 (b), it will disappear 
automatically after 2 seconds, and it will be in the normal state (step ST 15) in clock mode. In the 
normal state in this clock mode, it is still the condition that nothing is displayed on the dot 
viewing area 134. That is, power-saving is attained by only necessary minimum time amount's 
indicating by the dot showing a user to the mode, and considering as the mode display of the 
purport that whose that has disappeared itself it is the normal state in clock mode. 
[0058] In the portable electronic device 1 of this example, if it equips with the connector piece 80 
to a connector area 70, as an arrow head P3 shows to drawing 8 , it will switch from any 
condition to running mode (step ST 12) automatically. The running mode at this time not only 
operates as stop watch, but is the mode which can measure the pitch and pulse rate under 
running. 

[0059] With reference to the function in the running mode as pitchometer and pulsometer, it 
explains focusing on drawing 10 . 

[0060] First, in drawing 10 , if it switches to the running mode as pitchometer and pulsometer 
(step ST 31), as shown in drawing 11 (a), current time will be displayed on the 1st segment 
viewing area 131 of a liquid crystal display, and it will be displayed on the 2nd segment viewing 
area 132 as "0:00':00":00", and will be displayed on the dot viewing area 134 as "RUN." Moreover, 
it indicates that the mark of the heart blinked by the 3rd segment viewing area 133, and it 
switched to the running mode as pitchometer and pulsometer. 

[0061] Power is supplied to the pulse wave data-processing section 55 etc. by switch in this mode, 
and initialization processing called a setup of a period of operation etc. is performed by it. And 
incorporation of the pulse wave signal for measuring an early pulse rate after 2 seconds is 
performed, the display (step ST 32) with "STOP/5" and the display (step ST 33) with 
"MOTION/4" are performed to the dot viewing area 134 by turns, and seem not to move by 2Hz 
to it for 5 seconds at this time - ** - it is displayed. The figure displayed at this time is the 
count-down to for 5 seconds, and switches. And it will be in a standby condition until the button 
switch 117 located in the body of equipment 10 front-face bottom is pushed so that measurement 
of time amount may be started (step ST 34). 

[0062] In the state of this standby, as shown in drawing 11 (b), graphical display of the original 
wave of a pulse wave signal is carried out to the dot viewing area 134. The original wave 
displayed here is the newest data. Therefore, if the wave of a original wave of a pulse wave signal 
and level are checked before starting measurement (marathon) of time amount, the quality of 
the wearing condition of LED31 or a photo transistor 32 can be distinguished in detail. Moreover, 
the location of LED31 or a photo transistor 32 can also be set as the optimal location by adjusting 
LED31 and a photo transistor 32, checking the configuration and level of a original wave. And it 
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can check beforehand whether it is the environment which can measure surrounding 
temperature and humidity. Furthermore, this function is applicable to the inspection etc. at the 
time of manufacture of a portable electronic device 1. Moreover, since graphical display of the 
original wave is carried out, it can also check whether the time-axis has been changed by 
consumption of a cell etc. In addition, the early pulse rate "75" for which it asked from pulse 
conversion is displayed on the 3rd segment viewing area 132. 

[0063] While measurement of elapsed time will be started from this condition if the button 
switch 117 located in the body of equipment 10 front-face bottom is pushed at the same time it 
starts marathon, measurement of a pitch and a pulse rate is performed (step ST 35). 
[0064] As these measurement results were shown in drawing 12 (a), first, elapsed time is 
displayed on the 2nd segment viewing area 132, and graphical display of the temporal response 
of a pulse rate is carried out to the dot viewing area 134. The graphical display performed at this 
time is a display by the bar graph prolonged in the upper part from a lower part by making the 
abbreviation mid-position of an axis of ordinate into a pulse rate 65. In the meantime, the 
graduation and the pulse rate at the time of the axis of ordinate of the graph displayed on the dot 
viewing area 134 are displayed on the 3rd segment viewing area 133. 

[0065] When a pulse rate enters in a range (assignment within the limits to pulse rates 120*168), 
as it is shown in drawing 12 R> 2 (b) in this condition, graphical display of the pulse rate is 
carried out as a difference over the criteria pulse rate set up beforehand (step ST 36). The 
graphical display performed at this time is a display by the bar graph prolonged in the upper and 
lower sides (forward and the negative direction) in the part which is equivalent to a difference 
from this value by making the abbreviation mid-position of an axis of ordinate into a pulse rate 
150. Moreover, the mark which shows the appointed range of a pulse rate is displayed on the 
right-hand side edge of the dot viewing area 134. 

[0066] A push on the button switch 114 which is in a direction at 8'00 in the meantime carries 
out graphical display of the temporal response of a pitch to the dot viewing area 134 (step ST 37). 
The graphical display performed at this time is the line graph which made the pitch 170 the 
abbreviation mid-position of an axis of ordinate, as shown in drawing 12 (c). At this time, the 
graduation (purport whose abbreviation mid -position of an axis of ordinate is the pitch 170) and 
the pitch at the time of the axis of ordinate of the graph displayed on the dot viewing area 134 
are displayed on the 3rd segment viewing area 133. Thus, in the portable electronic device 1 of 
this example, in the dot viewing area 134, since it has displayed with a different gestalt from the 
display of a pulse rate called a line graph etc. in the temporal response of a pitch, a runner can 
distinguish easily whether the current display shows which information only by seeing the 
display gestalt. 

[0067] If the button switch 114 which is in a direction at 8-00 is again pushed from this condition, 
it will return to the condition (step ST 36) that the temporal response of a pulse rate is displayed 
on the dot viewing area 134. 

[0068] Moreover, if the button switch 116 located in the body of equipment 10 front-face bottom is 
pushed when it passes along a predetermined shunt, the lap time at that time will be displayed 
on the 1st segment viewing area 131 (step ST 38). And after 10 seconds, it returns to a step ST 36 
automatically. 

[0069] If the button switch 117 located in the body of equipment 10 front-face bottom is pushed at 
the same time it reaches gall after an appropriate time, measurement of a pulse rate, a pitch, 
and time amount will stop, and it will be displayed on the dot viewing area 134 as 
"COOLING/DOWN" (step ST 39). If 2 minutes pass since this condition, graphical display of the 
temporal response of the pulse rate after making a goal will be carried out to the dot viewing 
area 134 as a pulse recovery property (step ST 40). 

[0070] The graphical display about this pulse recovery property switches to the bar graph display 
prolonged upwards from the bottom first with the graduation which made the abbreviation 
mid -position of an axis of ordinate the pulse rate 150, as shown in drawing 13 (a). And as shown 
in drawing 13 (b), the recovery property for 2 minutes is measured. In the meantime, the 
graduation and the pulse rate at the time of the axis of ordinate of the graph displayed on the dot 
viewing area 134 are displayed on the 3rd segment viewing area 133. 
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[0071] If the button switch 114 which is in a direction at 8 : 00 is pushed from this condition, after 
being displayed on the dot viewing area 134 as "PULSE/RESULT" for 1.5 seconds (step ST 41), 
the temporal response of the pulse rate in this marathon will be displayed on the dot viewing 
area 134 (step ST 42). Moreover, if the button switch 114 which is in a direction at 8-00 is pushed, 
after being displayed on the dot viewing area 134 as "PITCH/RESULT" for 1.5 seconds (step ST 
43), the temporal response of the pitch in this marathon will be displayed on the dot viewing area 
134 (step ST 44). Furthermore, if the button switch 114 which is in a direction at 8-00 is pushed, 
after being displayed on the dot viewing area 134 as "COOLING/DOWN" for 1.5 seconds (step ST 
45), it will return to the condition (step ST 40) that graphical display of the temporal response of 
the pulse rate after reaching the dot viewing area 134 is carried out as a pulse recovery property. 
[0072] After making a goal, when the button switch 116 located in the body of equipment 10 
front-face bottom is pushed, in addition, to the dot viewing area 134 If guidance 
"PROTECT/MEMO?^ of whether to memorize this result is displayed (step ST 46), the button 
switch 117 located in the body of equipment 10 front-face bottom is pushed and "YES" is 
answered It is displayed on it as "MEMORY" noting that a result is storage processed in the dot 
viewing area 134 (step ST 47), and after 2 seconds, it returns to an initial state (step ST 31). 
[0073] If the button switch 112 which exists in the direction of 4:00 is pushed after the 
measurement as this pitchometer and pulsometer is completed, as shown in drawing 8 , it will 
switch to the recall mode (step ST 13) of a lap time. If the button switch 112 which exists in the 
direction of 4:00 is pushed from this mode, it will switch to the recall mode (step ST 14) of a pulse 
wave measurement result. Also in this mode, graphical display of the temporal response of a 
pitch and a pulse rate can be carried out to the dot viewing area 134. If the button switch 112 
which exists in the direction of 4:00 is pushed from this condition, it will return to clock mode 
(step ST 11). 

[0074] Also when it returns to this mode, the date is displayed on the 1st segment viewing area 
133, and current time is displayed on the 2nd segment viewing area 132. Moreover, although an 
annunciator with "TIME" is performed to the dot viewing area 134 noting that it returns to clock 
mode, as an arrow head P4 shows, after 2 seconds, this display will disappear automatically and 
will be in the normal state (step ST 15) in clock mode. 

[0075] In the spectrum after carrying out frequency analysis of the body motion signal as 
mentioned above by /100 times (The main effectiveness of an example) In the above frequency 
domain At the time of transit, the 2nd higher harmonic wave over a fundamental wave appears 
as a signal of a high level. At the time of a walk, it finds out that the 3rd higher harmonic wave 
over a fundamental wave appears as a signal of a high level, and is based on this knowledge. In 
the portable electronic device 1 of this example The signal of this high level in the 2nd higher 
harmonic over the fundamental wave at the time of transit Or when it judges it that it asks and 
a criteria wave is a signal as the 2nd higher harmonic whether it is the 3rd higher harmonic over 
the fundamental wave at the time of a walk, it asks for a pitch from the frequency. When it 
judges that a criteria wave is a signal as the 3rd higher harmonic, a pitch is calculated from the 
value which corresponds by 2/3 time the frequency. Therefore, since the external actuation for 
switching the mode in the time of walking with the time of running is unnecessary while being 
able to ask for a pitch correctly by easy and quick processing in any [ at the time of transit and a 
walk ] case, it is user-friendly 

[0076] Moreover, in this example, when the signal of the amplitude of 1/2 twice or more is in the 
location of the frequency which corresponds 1/3 time of the frequency of a criteria wave, or 2/3 
time to criteria wave amplitude, and the frequency of a criteria wave judges that it is above by 
/150 times, it is concluded that a criteria wave is the 3rd higher harmonic for the first time. Thus, 
since it judges whether it is the 2nd higher harmonic or it is the 3rd higher harmonic, 
double -checking, the decision which made the mistake in originating in a noise etc. can be 
prevented. 
[0077] 

[Effect of the Invention] As mentioned above, in the pitchometer concerning this invention, it has 
the description in the spectrum after carrying out frequency analysis of the body motion signal to 
ask for whether the high level which appears in the above frequency domain by /100 times is the 
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3rd higher harmonic over the fundamental wave at the 2nd higher harmonic over the 
fundamental wave at the time of transit, or the time of a walk, and ask for a pitch automatically 
from the result. Therefore, since according to this invention the external actuation for switching 
the mode in the time of walking with the time of running is unnecessary while being able to ask 
for a pitch correctly and quickly in any [ at the time of transit and a walk ] case, it is user-friendly. 
[0078] In furthermore, the location of the frequency which corresponds 1/3 time of the frequency 
of a criteria wave, or 2/3 time When it judges that the frequency of a criteria wave is more than 
predetermined frequency level even when there is a signal of a high level and constitutes for the 
first time so that it may conclude that a criteria wave is the 3rd higher harmonic Since it judges 
whether it is the 2nd higher harmonic or it is the 3rd higher harmonic, double-checking, the 
decision which made the mistake in originating in a noise etc. can be prevented. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the technique for asking for a pitch in more 
detail about pitchometer from the body motion signal detected at the time of transit or a walk. 



PRIOR ART 



[Description of the Prior Art] In pitchometer, by the acceleration sensor built in it, a body motion 
signal is detected and it is asking for the pitch from this body motion signal. For example, if 
pulse conversion is carried out after amplifying a body motion signal, the pulse shape shown in 
drawing 14 (a) will be obtained. Thus, an error is large although there is the approach of setting 
up a predetermined threshold from pulse separation being irregular according to a run state, and 
counting a pulse in the obtained pulse shape. Then, as shown in drawing 14 (b), in case a pulse is 
counted, by setting up mask time amount, a pulse is counted per two shots and the approach of 
raising detection precision is used. For example, if a pulse period counts the pitch at the time of 
transit as a pulse which is 0.8 seconds - 0.6 seconds by usually setting mask time amount as 0.5 
seconds a part for /-, and 200 times 150 times since it is a part for /and is 0.4 seconds - 0.3 
seconds a pulse period as shown at periods T1-T2, it will count a pulse per two shots. 



EFFECT OF THE INVENTION 



In the spectrum after carrying out frequency analysis of the body motion signal as mentioned 
above by /100 times (The main effectiveness of an example) In the above frequency domain At 
the time of transit, the 2nd higher harmonic wave over a fundamental wave appears as a signal 
of a high level. At the time of a walk, it finds out that the 3rd higher harmonic wave over a 
fundamental wave appears as a signal of a high level, and is based on this knowledge. In the 
portable electronic device 1 of this example The signal of this high level in the 2nd higher 
harmonic over the fundamental wave at the time of transit Or when it judges it that it asks and 
a criteria wave is a signal as the 2nd higher harmonic whether it is the 3rd higher harmonic over 
the fundamental wave at the time of a walk, it asks for a pitch from the frequency. When it 
judges that a criteria wave is a signal as the 3rd higher harmonic, a pitch is calculated from the 
value which corresponds by 2/3 time the frequency. Therefore, since the external actuation for 
switching the mode in the time of walking with the time of running is unnecessary while being 
able to ask for a pitch correctly by easy and quick processing in any [ at the time of transit and a 
walk ] case, it is user-friendly. 

[0076] Moreover, in this example, when the signal of the amplitude of 1/2 twice or more is in the 
location of the frequency which corresponds 1/3 time of the frequency of a criteria wave, or 2/3 
time to criteria wave amplitude, and the frequency of a criteria wave judges that it is above by 
/150 times, it is concluded that a criteria wave is the 3rd higher harmonic for the first time. Thus, 
since it judges whether it is the 2nd higher harmonic or it is the 3rd higher harmonic, 
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double-checking, the decision which made the mistake in originating in a noise etc. can be 
prevented. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the conventional pitchometer, since mask 
time amount is set up according to the pitch at the time of transit, there is a trouble that the 
pitch at the time of a walk is immeasurable. That is, in the time of a walk, when mask time 
amount is set as 0.5 seconds since a pulse period becomes 0.6 seconds - 0.4 seconds as period T3 - 
T four show to drawing 14 (b) and a pitch is a part for 100 times/, the pulse of the 1st shot will be 
counted and misregistration of the pitch will be carried out. 

[0004] So, in the conventional pitchometer, when it is going to measure any pitch at the time of 
transit and a walk, the external actuation which switches a setup of mask time amount is 
required of the case where he walks with the case where it runs, and there is a trouble of being 
user- unfriendly. 

[0005] In view of the above trouble, the technical problem of this invention can measure a pitch 
also in any at the time of transit and a walk, and, moreover, offering unnecessary pitchometer 
has the external actuation for switching conditioning between the times of walking with the time 
of running. 



MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in the 
pitchometer concerning this invention In the analysis result of the body motion sensor which 
detects a body motion, a frequency- analysis means to carry out frequency analysis to the 
detection result of this body motion sensor, and this frequency-analysis means While power 
specifies the signal which exists more than predetermined level as a criteria wave for asking for 
a pitch in the field more than a predetermined frequency It judges whether this criteria wave is 
the 2nd higher harmonic over the fundamental wave of a body motion, or it is the 3rd higher 
harmonic. It is characterized by having a pitch operation means to ask for a pitch from the 
frequency when it judges that this criteria wave is the 2nd higher harmonic wave, and to 
calculate a pitch from the value which corresponds by 2/3 time the frequency when it judges that 
this criteria wave is the 3rd higher harmonic wave. 

[0007] In this invention said pitch operation means For example, a 1st wave check means to 
judge whether there is any signal of the high level which has the frequency which corresponds by 
1/3 time the frequency of said criteria wave, When it judges that there is no signal of the high 
level which has the frequency on which this 1st wave check means corresponds by 1/3 time the 
frequency of said criteria wave, it constitutes so that it may have a signal distinction means to 
judge said criteria wave to be the 2nd higher harmonic over said fundamental wave. 
[0008] Moreover, a 2nd wave check means to judge whether said pitch operation means has the 
signal of the high level which has the frequency which corresponds by 2/3 time the frequency of 
said criteria wave, When it judges that there is no signal of the high level which has the 
frequency on which this 2nd wave check means corresponds by 2/3 time the frequency of said 
criteria wave, it constitutes so that it may have a signal distinction means to judge said criteria 
wave to be the 2nd higher harmonic over said fundamental wave. 

[0009] Moreover, a 1st wave check means to judge whether said pitch operation means has the 
signal of the high level which has the frequency which corresponds by 1/3 time the frequency of 
said criteria wave, It has a 2nd wave check means to judge whether there is any signal of the 
high level which has the frequency which corresponds by 2/3 time the frequency of said criteria 
wave. Said signal distinction means It is judged that there is no signal of the high level which 
has the frequency on which said 1st wave check means corresponds by 1/3 time the frequency of 
said criteria wave. And when it judges that there is no signal of the high level which has the 
frequency on which said 2nd wave check means corresponds by 2/3 time the frequency of said 
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criteria wave, you may constitute so that said criteria wave may be judged to be the 2nd higher 
harmonic over said fundamental wave. 

[0010] It is desirable to constitute so that it may conclude that said criteria wave is the 3rd 
higher harmonic wave over said fundamental wave when said criteria wave is judged to be the 
3rd higher harmonic wave over said fundamental wave based on the check result of whether 
there is any signal of the high level which has a frequency equivalent to the multiple of the 
frequency of said criteria wave set to this invention and predetermined in said signal distinction 
means and it judges that it is more than frequency level predetermined in said criteria wave. 
[0011] 

[Embodiment of the Invention] One example of this invention is explained based on a drawing. 
[0012] (Whole configuration) Drawing 1 is the explanatory view showing the configuration of the 
portable electronic device (pitchometer) of this example. 

[0013] In drawing 1 , the profile configuration of the portable electronic device 1 of this example 
' is carried out from the body 10 of equipment which has wrist watch structure, the cable 20 
connected to this body 10 of equipment, and the sensor unit 30 for pulse wave detection prepared 
in the tip side of this cable 20. The connector piece 80 is constituted at the tip side of a cable 20, 
and this connector piece 80 can be freely detached and attached to the connector area 70 
constituted at the 6-00 side of the body 10 of equipment. The body 10 of equipment can be freely 
detached [ the wristband 12 which coils around an arm from 12*00 in a wrist watch, and is fixed 
to the body 10 of equipment in a direction at that 6*00 is formed, and ] and attached on an arm 
with this wristband 12. From the root of an index finger before the knuckle is equipped with the 
sensor unit 30 for pulse wave detection, being shaded with the band 40 for sensor immobilization. 
. Thus, if the root of a finger is equipped with the sensor unit 30 for pulse wave detection, since a 
cable 20 will be short and will end, a cable 20 does not become obstructive during running. 
Moreover, if distribution of the temperature from a palm to a fingertip is measured, when cold, 
the temperature of the root of a finger will not fall comparatively to the temperature of a 
fingertip falling remarkably. Therefore, even when equipping the root of a finger with the sensor 
unit 30 for pulse wave detection and it runs outdoors on a cold day, a pulse rate etc. can be 
measured correctly. 

[0014] (Configuration of the body of equipment) The top view shown after drawing 2 has removed 
the body of equipment of the portable electronic device of this example for the wristband, the 
cable, etc., and drawing 3 are the side elevations which saw the portable electronic device from 
the direction of 3"00. 

[0015] drawing 2 - setting the body 10 of equipment - the clock housing 11 (body case) made of 
resin - having - **** the front-face side of this clock housing 11 - current time and a date " in 
addition, the liquid crystal display 13 (display) with EL back light which displays pulse wave 
information, such as a pitch at the time of transit and a walk and a pulse rate, etc. is constituted. 
The 1st segment viewing area 131 located in the upper left side of the screen, the 2nd segment 
viewing area 132 located in an upper right side, the 3rd segment viewing area 133 located in a 
lower right side, and the dot viewing area 134 located in a lower left side are constituted by the 
liquid crystal display 13, and graphical display is possible in various kinds of information in the 
dot viewing area 134. 

[0016] The body motion sensor 90 for asking for a pitch is built in the interior of clock housing 11, 
and an acceleration sensor etc. can be used as this body motion sensor 90. Moreover, while 
asking for change of a pulse rate etc. based on the detection result (pulse wave signal) by the 
sensor unit 30 for pulse wave detection while asking the interior of clock housing 11 for a pitch 
based on the detection result (body motion signal) by the body motion sensor 90 in order to 
display it on it with a liquid crystal display 13 and, in order to display it with a liquid crystal 
display 13, the control section 5 which performs various kinds of control and data processing is 
constituted, a control section 5 - a time check - since the circuit is also constituted, time of day, a 
lap time, split time, etc. can usually be displayed on a liquid crystal display 13. 
[0017] The button switches 111-115 for performing external actuation of time-of-day doubling, a 
switch of a display mode, etc. are constituted by the periphery section of clock housing 11. 
Moreover, the larger button switches 116 and 117 are constituted on the surface of clock housing. 
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[0018] The power source of a portable electronic device 1 is the small cell 59 of the carbon button 
form built in clock housing 11, and a cable 20 has inputted the detection result of the sensor unit 
30 for pulse wave detection into the control section 5 of clock housing 11 while supplying power 
to the sensor unit 30 for pulse wave detection from a cell 59. 

[0019] Although it is necessary to follow on increasing the function and to enlarge the body 10 of 
equipment in a portable electronic device 1, since there is constraint that an arm is equipped, if 
the body 10 of equipment is turned in the direction of 6-00 in a wrist watch, and 12H30, it is 
unexpandable to the body 10 of equipment. So, in this example, the oblong clock housing 11 with 
the die-length dimension longer than the die-length dimension in the direction which it will be in 
6*00 and 12^00 in the direction of 3*00 and 9-00 is used for the body 10 of equipment. However, 
although a wristband 12 has the big overhang part 101 in the direction of 9*00 in a wrist watch 
in view of a wristband 12 since it has connected in the location which inclined toward the 
direction side of 3*00, the starting big overhang part does not have it in the direction of 3*00. 
Therefore, the back of a hand is not thrown at clock housing 11, although a wrist can be bent 
freely comparatively using the oblong clock housing 11 and it falls over at it. 

[0020] In the interior of clock housing 11, the flat piezoelectric device 58 for buzzers is arranged 
in the direction of 9*00 to the cell 59. Since it is heavy as compared with a piezoelectric device 58, 
a cell 59 has the center-of-gravity location of the body 10 of equipment in the location which 
inclined in the direction of 3-00. Since the wristband 12 has connected with the side toward 
which this center of gravity inclines, it can equip with the body 10 of equipment in the condition 
of having been stabilized on the arm. Moreover, since the cell 59 and the piezoelectric device 58 
are arranged in the direction of a field, while being able to carry out [ thin shape ]-izing of the 
body 10 of equipment, as shown in drawing 3 , a user can exchange a cell 59 easily by forming the 
cell lid 118 in the flesh-side surface part 119. 

[0021] (Wearing structure to the arm of the body of equipment) In drawing 3 , the connection 
section 105 for holding the stop shaft 121 attached in the edge of a wristband 12 is formed in the 
direction of 12:00 of clock housing 11. While the wristband 12 wound around the arm is turned 
up in the direction of 6>00 of clock housing 11 in a location in the middle of the die-length 
direction, the receptacle section 106 in which the fastener 122 for holding a location this middle 
is attached is formed in it. 

[0022] In the direction of 6*00 of the body 10 of equipment, the part which receives from the 
flesh-side surface part 119, and results in the section 106 is the niting section 108 which is 
fabricated by clock housing 11 and one and makes the include angle of about 115 degrees to the 
flesh-side surface part 119. That is, when it equips with the body 10 of equipment so that it may 
be located in the top-face section LI (back side of a hand) of the right wrist L (arm), while the 
flesh-side surface part 119 of clock housing 11 sticks it to the top-face section LI of Wrist L with a 
wristband 12, the niting section 108 contacts the lateral portion L2 with Radius R. In this 
condition, while the flesh-side surface part 119 of the body 10 of equipment is in the sensibility 
over Ulna U as Radius R, if it applies to the niting section 108 of the niting section 108 and the 
flesh-side surface part 119 from a part for a flection 109, it becomes the sensibility which 
contacts Radius R. Thus, since [ which it says is about 115 degrees with the niting section 108 
and the flesh-side surface part 119 ] the ideal include angle is made anatomically, even if it is 
going to turn the body 10 of equipment in the direction of an arrow head A or an arrow head B, 
the body 10 of equipment does not shift the surroundings of Arm L superfluously. Moreover, 
while the niting effectiveness is certainly acquired since the flesh-side surface part 119 and the 
niting section 108 touch an arm certainly even if an arm is thin in order to only regulate rotation 
of the body 10 of equipment at two surrounding one side of an arm by the flesh-side surface part 
119 and the niting section 108, even if an arm is thick, there is no stiff sensibility. 
[0023] (Configuration of the sensor unit for pulse wave detection) Drawing 4 is the sectional view 
of the sensor unit for pulse wave detection of this example. 

[0024] in drawing 4 , as for the sensor unit 30 for pulse wave detection, the back lid 302 should 
cover the background of the sensor frame 36 as the case object - the components storage space 
300 is constituted by ****** inside. The circuit board 35 is arranged inside the components 
storage space 300. The electronic parts of LED31, a photo transistor 32, and others are mounted 
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in the circuit board 35. The edge of a cable 20 is fixed to the sensor unit 30 for pulse wave 
detection by the bush 393, and each wiring of a cable 20 is soldered on the pattern of each circuit 
board 35 at it. Here, the sensor unit 30 for pulse wave detection is attached in a finger as a cable 
20 is pulled out from the root side of a finger at the body 10 side of equipment. Therefore, LED31 
and a photo transistor 32 will be arranged along the die-length direction of a finger, among those 
LED31 is located in the tip side of a finger, and a photo transistor 32 is located in the direction of 
the root of a finger. Thus, when it arranges, it is effective in the ability of outdoor daylight not to 
reach a photo transistor 32 easily. 

[0025] In the sensor unit 30 for pulse wave detection, with the translucent plate 34 which 
becomes the top -face part (substantial pulse wave signal detecting element) of the sensor frame 
36 from a glass plate, the light transmission aperture was formed and, as for LED31 and a photo 
transistor 32, the luminescence side and the light-receiving side are turned to the direction of a 
translucent plate 34 to this translucent plate 34, respectively. For this reason, if a finger front 
face is stuck on the outside front face 341 (the contact surface / sensor side on the front face of a 
finger) of a translucent plate 34, while LED31 emits light towards a finger front-face side, a 
photo transistor 32 can receive the light reflected from a finger side among the light which 
LED31 emitted. Here, the outside front face 341 of a translucent plate 34 has structure projected 
from the perimeter part 361 at the purpose which raises the adhesion on the outside front face 
341 of a translucent plate 34, and the front face of a finger. 

[0026] In this example, as LED31, blue LED of an InGaN system (indium-gallium-nitrogen 
system) is used, the emission spectrum has a luminescence peak in 450nm, and the 
luminescence wavelength field is located in the range from 350nm to 600nm. It is made to 
correspond to LED31 which has this luminescence property, and in this example, as a photo 
transistor 32, the photo transistor of a GaAsP system (gallium-arsenic-Lynn system) is used, the 
light-receiving wavelength field of a component own [ the ] has a main sensibility field in the 
range from 300nm to 600nm, and a sensibility field is in 300nm or less. 

[0027] Thus, the root of a finger is equipped with the constituted sensor unit 30 for pulse wave 
detection with the band 40 for sensor immobilization, if light is irradiated towards a finger in 
this condition from LED31, this light will reach a blood vessel, a part of light will be absorbed by 
the hemoglobin in blood, and a part will reflect by it. The light reflected from the finger (blood 
vessel) is received by the photo transistor 32, and the light income change is equivalent to blood 
volume change (pulse wave of blood). That is, if blood volume decreases while the reflected fight 
becomes weak, when there is much blood volume, since the reflected light will become strong, a 
pulse rate etc. is measurable if change of reflected light reinforcement is detected. 
[0028] In this example, the light-receiving wavelength field has used the photo transistor 32 of 
the range from 300nm to 600nm with LED31 which has a luminescence wavelength field in the 
range from 350nm to 600nm, and biological information is displayed based on the detection 
result in the wavelength field from about 300nm to about 600nm which is the lap field, i.e., 
wavelength field about 700nm or less. If this sensor unit 30 for pulse wave detection is used, 
among the light by which outdoor daylight is contained in outdoor daylight in the exposed part of 
a finger, as for light 700nm or less, a wavelength field will make a finger a transparent material, 
and even a photo transistor 32 (light sensing portion) will not be reached. It is because the 
wavelength field where the reason is included in outdoor daylight does not arrive to a photo 
transistor 32 through a finger even if outdoor daylight is irradiated by the part of the finger 
which is not covered in the band 40 for sensor immobilization since light 700nm or less cannot 
tend to penetrate a finger easily. On the other hand, if LED which has a luminescence peak, and 
the photo transistor of a silicon system are used near 880nm, the light-receiving wavelength 
range will reach the range from 350nm to 1200nm. In this case, since a pulse wave will be 
detected based on the detection result by light with a wavelength of 1 micrometer which reaches 
even a light sensing portion easily by making a finger into a transparent material, the incorrect 
detection resulting from fluctuation of outdoor daylight tends to take place. 

[0029] Moreover, since pulse wave information has been acquired using the light of wavelength 
field about 700nm or less, the S/N ratio of the pulse wave signal based on blood volume change is 
high. As the reason, since it is large several times to about 100 or more times and wavelength 



17/25 



changes with sensibility sufficient to blood volume change as compared with the absorbancy 
index to the light whose wavelength whose absorbancy index to the light from 300nm to 700nm 
is the conventional detection light is 880nm, the hemoglobin in blood is considered with since the 
detection ratio (S/N ratio) of the pulse wave based on blood volume change is high. 
[0030] As shown in drawing 5 , (Configuration of a control section) To a control section 5 The 
pulse wave data-processing section 55 which asks for a pulse rate etc. based on the input result 
from the sensor unit 30 for pulse wave detection, The pitch data-processing section 56 which 
asks for a pitch based on the input result from the body motion sensor 90 is constituted. The 
pitch data-processing section 56 and the pulse wave data-processing section 55 By outputting 
information, such as a pitch and a pulse rate, the display of this information to a liquid crystal 
display 13 is enabled. In addition, a part of pitch data-processing section 56 and pulse wave 
data-processing section 55 consist of microcomputers which operate by the program stored, and 
the block diagram has shown it to drawing 5 about the function of this microcomputer. 
[0031] First, in the pulse wave data-processing section 55, after pulse wave signal magnification 
and a transducer 551 amplify the signal inputted through the cable 20 from the sensor unit 30 
for pulse wave detection, it changes into a digital signal and outputs to the pulse wave signal 
storage section 552. The pulse wave signal storage section 552 is RAM which memorizes the 
pulse wave data changed into the digital signal. The pulse wave signal operation part 553 reads 
the signal memorized by the pulse wave signal storage section 552, performs the fast Fourier 
transform (FFT processing) as frequency analysis to it, and inputs the result into the pulse wave 
component extract section 554. The pulse wave component extract section 554 extracts a pulse 
wave component from the input signal from the pulse wave signal operation part 553, outputs it 
to the pulse rate operation part 555, and this pulse rate operation part 555 calculates a pulse 
rate by the frequency component of the inputted pulse wave, and it outputs that result to a liquid 
crystal display 13. 

[0032] Moreover, in the pitch data-processing section 56, after body motion signal magnification 
and a transducer 561 amplify the signal inputted from the body motion sensor 90, it changes into 
a digital signal and outputs to the body motion signal storage section 562. The body motion 
signal storage section 562 is RAM which memorizes the body motion data changed into the 
digital signal. The body motion signal operation part 563 reads the signal memorized by the body 
motion signal storage section 562, performs the fast Fourier transform (FFT processing) as 
frequency analysis to it, and inputs the result into the body motion component extract section 
564. The body motion component extract section 564 extracts a body motion component from the 
input signal from the body motion signal operation part 563, outputs it to the pitch operation 
part 560, and this pitch operation part 560 calculates a pitch by the inputted frequency 
component of a body motion, and it outputs that result to a liquid crystal display 13. 
[0033] (Configuration of pitch operation part) In the pitch operation part 560 The signal which 
has power in the field more than a predetermined frequency more than predetermined level as a 
criteria wave for asking for a pitch Whether there is any signal of the high level which has the 
signal specification section 565 to specify, the 1st wave check section 566 which judges whether 
there is any signal of the high level which has the frequency which corresponds by 1/3 time the 
frequency of a criteria wave, and the frequency which corresponds by 2/3 time the frequency of a 
criteria wave The 2nd wave check section 567 to judge is constituted, furthermore, when it 
judges that there is no signal of the high level which has the frequency on which the 1st wave 
check section 566 corresponds by 1/3 time the frequency of a criteria wave in the pitch operation 
part 560 The signal distinction section 569 which judges a criteria wave to be the 2nd higher 
harmonic over the fundamental wave of a body motion is constituted. This signal distinction 
section 569 Also when the 2nd wave check section 567 judges that there is no signal of a high 
level in the location of the frequency which corresponds by 2/3 time the frequency of a criteria 
wave, it is constituted so that a criteria wave may be judged to be the 2nd higher harmonic over 
the fundamental wave of a body motion. 

[0034] moreover, even when a criteria wave is judged to be the 3rd higher harmonic over a 
fundamental wave based on the check result of the 1st wave check section 566 and the 2nd wave 
check section 567, the signal distinction section 569 When it judges that it concludes that a 
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criteria wave is the 3rd higher harmonic wave over a fundamental wave, and a criteria wave is 
below in predetermined frequency level for the first time when a criteria wave judges that it is 
more than predetermined frequency level, it is constituted so that it may conclude that a criteria 
wave is the 2nd higher harmonic wave over a fundamental wave. 

[0035] In the constituted pitch operation part 560, thus, the signal outputted from the body 
motion signal operation part 563 and the body motion component extract section 564 [ it has the 
spectrum as shown in drawing 6 (a) and (b), and / in quest of this spectrum to a pitch ] the pitch 
operation part 553 It judges whether it is in a walk condition automatically from the difference 
between the spectrum at the time of a walk, and the spectrum at the time of transit, and whether 
it is in a run state, and asks for a pitch by performing the operation which was suitable in each 
case. 

[0036] The principle is as follows. First, as compared with line spectrum SAl corresponding to a 
fundamental wave, drawing 6 (a) is the typical spectrum at the time of transit, and its line 
spectrum SA2 which line spectrum SAl corresponding to the fundamental wave of a body motion 
and line spectrum SA2 equivalent to the 2nd harmonic content to the fundamental wave of a 
body motion appear, among those is equivalent to the 2nd harmonic content is [ level is 
remarkable and ] high. It is because vertical movement comes out equally when the step of the 
left leg is carried out to the time of carrying out the step of the right leg at the time of transit, so 
the 2nd higher harmonic of a body motion component appears. Moreover, although the 
fundamental wave of the swing of an arm is equivalent to pendulum movement which makes a 
start and pull back of an arm a round term, only a part with it difficult [ to make the swing of an 
arm smooth pendulum movement ] at the time of transit is because the power of the 
fundamental wave of the swing of an arm becomes weakness. Furthermore, since acceleration is 
applied to the start of an arm, and each moment of pull back, the 2nd higher harmonic is because 
it comes out more strongly than the fundamental wave of the swing of an arm. 
[0037] On the other hand, drawing 6 (b) is the typical spectrum at the time of a walk, and line 
spectrum SB1 corresponding to the fundamental wave of a body motion, line spectrum SB2 
equivalent to the 2nd harmonic content to the fundamental wave of a body motion, and line 
spectrum SB3 equivalent to the 3rd harmonic content to the fundamental wave of a body motion 
appear. At the time of this walk, the signal component to which there is no vertical movement in 
a body motion, and the time of transit originates in a gesture appears strongly, and that 
description appears in line spectrum SB1 corresponding to a fundamental wave. Consequently, 
although the ratio of each line spectrums SB1, SB2, and SB3 is not fixed, as compared with the 
time of transit, the ratio of line spectrum SB1 to line spectrum SB2 is strong at the time of a 
walk. Therefore, line spectrum SB1 corresponding to the fundamental wave of a body motion and 
line spectrum SB 3 equivalent to the 3rd harmonic content have level higher than line spectrum 
SB2 equivalent to the 2nd harmonic content. 

[0038] And line spectrum SA2 corresponding to the 2nd higher harmonic at the time of transit, 
line spectrum SB2 corresponding to the 2nd higher harmonic at the time of a walk, and fine 
spectrum SB3 corresponding to the 3rd higher harmonic at the time of a walk usually appear in 
the above frequency domain by /100 times. Therefore, the above frequency domain is supervised 
by /100 times, and if it judges whether the signal of a high level is the 2nd higher harmonic over 
a fundamental wave among the signals which appeared there, and whether it is the 3rd higher 
harmonic, it can distinguish whether it is in a run state, and whether it is in a walk condition. 
That is, at the time of a walk, since the 3rd higher harmonic wave over a fundamental wave 
appears in the above frequency domain as a signal of a high level by /100 times, if it can judge 
that this signal is the 3rd higher harmonic wave, the pitch at the time of a walk can be calculated 
from the value which hung 2/3 time on the frequency of this signal. On the contrary, at the time 
of transit, since the 2nd higher harmonic wave over a fundamental wave appears in the above 
frequency domain as a signal of a high level by /100 times, if it can judge that this signal is the 
2nd higher harmonic wave, it can ask for the pitch at the time of transit from the frequency of 
this signal. 

[0039] Then, the pitch operation part 560 performs processing based on the flow chart shown in 
drawing 7 using the difference between the pattern at the time of transit of this spectrum, and 
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the pattern at the time of a walk, and asks for a pitch. 

[0040] First, at a step ST 1, the highest signal (line spectrum) of level is found from the spectrum 
after a frequency analysis. This signal is the candidate of the signal which should serve as a 
criteria wave for asking for a pitch. At a step ST 2, the frequency of this criteria wave judges 
[ 100 times ] whether it is above by /. 

[0041] Here, 100 times, if the frequency of a criteria wave is the following by /, it will find 
another candidate in a step ST 3, and it finds a signal with the highest level as a criteria wave 
out of the signal except a previous signal in a step ST 4. When a suitable signal is not found, in 
this processing, in a step ST 5, the pitch measured last time is made into this pitch as it is, and 
this value is decided as a pitch in a step ST 6. 

[0042] On the other hand, if the signal of the above high level is found by /100 times while 
performing processing at steps ST3 and ST4, it will judge whether there is any signal which 
makes this signal a criteria wave, and has a frequency 1/3 time the frequency of this criteria 
wave at a step ST 7, and has the amplitude of 1/2 twice or more to criteria wave amplitude. 
[0043] When it has the frequency which corresponds by 1/3 time the frequency of a criteria wave 
at a step ST 7 and there is no signal of the amplitude of 1/2 twice or more to criteria wave 
amplitude, in a step ST 8, it judges whether there is any signal which has the frequency which 
corresponds by 2/3 time the frequency of a criteria wave, and has the amplitude of 1/2 twice or 
more to criteria wave amplitude. 

[0044] If it has the frequency which corresponds by 1/3 time the frequency of a criteria wave at a 
step ST 8 and there is no signal of the amplitude of 1/2 twice or more to criteria wave amplitude, 
since a criteria wave can be judged to be a signal equivalent to the 2nd harmonic content, it will 
decide this value as a pitch as it is in a step ST 6. 

[0045] On the other hand, in a step ST 7, when it has the frequency which corresponds by 1/3 
time the frequency of a criteria wave and there is a signal of the amplitude of 1/2 twice or more to 
criteria wave amplitude, in a step ST 9, it judges whether the frequency of this criteria wave is 
above by 150 times/. This 150 time, the value of a part for /was a 1.5 times [ for /] as many 100 
times numeric value as this, in the usual case, the pitch during a walk was a part for part [ for 
100 times/- ], and 150 times/, and 150 times, a part for /-, and 200 times, since the pitch under 
transit was a part for /, it was used for reconfirmation of a walk condition or a run state 
bordering on the numeric value of a part for /150 times. Therefore, in a step ST 9, when the 
frequency of a criteria wave judges that it is above by /150 times, this criteria wave can be 
checked as it is the 3rd higher harmonic over the fundamental wave at the time of a walk. So, 
since it can be concluded that a criteria wave is a signal equivalent to the 3rd harmonic content, 
in a step ST 10, it doubles the frequency of this signal 2/3, and decides as a pitch this value 
doubled 2/3 in a step ST 6. 

[0046] Moreover, even when it has the frequency which corresponds by 1/3 time the frequency of 
a criteria wave in a step ST 7 and there is no signal of the amplitude of 1/2 twice or more to 
criteria wave amplitude, it sets to a step ST 8. When it is judged that it has the frequency which 
corresponds by 2/3 time the frequency of a criteria wave, and there is a signal of the amplitude of 
1/2 twice or more to criteria wave amplitude In a step ST 9, when it judges whether the 
frequency of this criteria wave is above by 150 times/and the frequency of a criteria wave judges 
that it is above by /150 times, this criteria wave can be checked as it is the 3rd higher harmonic 
over the fundamental wave at the time of a walk. So, since it can be concluded that a criteria 
wave is a signal equivalent to the 3rd harmonic content, in a step ST 10, it doubles the frequency 
of this signal 2/3, and decides as a pitch this value doubled 2/3 in a step ST 6. 
[0047] However, in a step ST 9, if the frequency of this criteria wave is the value of the following 
by 150 times/, it can be judged that a criteria wave is not a signal equivalent to the 3rd harmonic 
content. Therefore, the signal which has one 1/3 time of this criteria wave or 2/3 time the 
frequency of this is a noise to the last, and it can be judged that a criteria wave is the 2nd 
harmonic content. Therefore, in a step ST 6, this value is decided as a pitch as it is. 
[0048] Thus, when there is no signal of the amplitude of 1/2 twice or more in the location of the 
frequency which there is no signal of the amplitude of 1/2 twice or more in the location of the 
frequency which corresponds by 1/3 time the frequency of a criteria wave to criteria wave 
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amplitude, and is equivalent to it 2/3 time of the frequency of a criteria wave to criteria wave 
amplitude, a criteria wave is judged to be the 2nd higher harmonic. However, if they are noises 
even when the signal of the amplitude of 1/2 twice or more is in the location of the frequency 
which the signal of the amplitude of 1/2 twice or more is in the location of the frequency which 
corresponds by 1/3 time the frequency of a criteria wave to criteria wave amplitude, or 
corresponds by 2/3 time the frequency of a criteria wave to criteria wave amplitude, it will be 
judged that it is the 3rd higher harmonic accidentally. If the pitch at the time of a walk is in the 
range for /at all a part for /-, and 150 times 100 times, in this example, usually then, the 3rd 
higher harmonic at the time of a walk As a frequency appearing to the above field by /150 times, 
the frequency of a criteria wave judges [ 150 times ] whether it is above by /, and when the 
frequency of a criteria wave judges that it is above by / 150 times, it is concluded that a criteria 
wave is the 3rd higher harmonic for the first time. 

[0049] (Actuation of a portable electronic device) Since the portable electronic device 1 of this 
example is further switched to clock mode, stop watch mode, the pulsometer mode that combines 
with a time check and measures pulse wave information, and the mode which measures a pitch, 
it explains each mode of the portable electronic device 1 of this example. 

[0050] The contents of a display in each mode performed with a portable electronic device 1 and 
the liquid crystal display 13 at that time are typically expressed to drawing 8 . 
[0051] In drawing 8 , a step ST 11 is in clock mode, the purport which are December 6, 1994 and 
Monday is displayed on the 1st segment viewing area 131, and the purport whose current time is 
10-08 p.m. 59 seconds is displayed on the 2nd segment viewing area 132. It is displayed on the 
dot viewing area 134 as "TIME" noting that the current mode is clock mode. However, in the dot 
viewing area 134, for several seconds immediately after choosing this clock mode is displayed as 
"TIME" as mentioned later. In addition, nothing is displayed on the 3rd segment viewing area 
133. 

[0052] In the portable electronic device 1 of this example, if the button switch 111 which is in a 
direction at 2^00 is pushed at the time of clock mode, when 1 hour passes, for example, an alarm 
sound can be generated, and the generating time of day of this alarm can be set as arbitration. 
Moreover, if the button switch 113 which is in a direction at 11:00 is pushed, EL back light of a 
liquid crystal display 13 will light up for 3 seconds, and the light will be put out automatically 
after an appropriate time. 

[0053] If the button switch 112 which exists in the direction of 4-00 from this mode is pushed, it 
will switch to running mode (step ST 12). This mode is the mode when using a portable electronic 
device 1 as stop watch. In running mode, before starting measurement (standby condition), 
current time is displayed on the 1st segment viewing area 131, and it is displayed on the 2nd 
segment viewing area 132 as "0*00* -00" ^00." In the dot viewing area 134, a graphic switches, after 
displaying for 2 seconds as "RUN" as guidance of the purport which is in running mode. 
[0054] If the button switch 112 which exists in the direction of 4:00 from this mode is pushed, it 
will switch to the recall mode (step ST 13) of a lap time. This mode is the mode which reads the 
lap time measured in the past using the portable electronic device 1, and split time. In the recall 
mode of a lap time, the date is displayed on the 1st segment viewing area 131, and current time 
is displayed on the 2nd segment viewing area 132. For 2 seconds is displayed on the dot viewing 
area 134 as "LAP/RECALL" as guidance of the purport which is in recall mode, next transition of 
the pulse rate for every newest lap is displayed on it. 

[0055] If the button switch 112 which exists in the direction of 4:00 from this mode is pushed, it 
will switch to the recall mode (step ST 14) of a pulse wave measurement result. This mode is the 
mode which reads the temporal response of the pulse rate which the marathon performed in the 
past used the portable electronic device 1 at the time, and was measured and memorized, and 
the temporal response of the pitch measured in the past using the portable electronic device 1. In 
this recall mode, the date is displayed on the 1st segment viewing area 131, and current time is 
displayed on the 2nd segment viewing area 132. The graph with which for 2 seconds is displayed 
as "RESULT/RECALL", next the temporal response of an average pulse rate is expressed is 
displayed on the dot viewing area 134. 

[0056] If the button switch 112 which exists in the direction of 4:00 is again pushed from this 
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mode, as an arrow head PI shows, it will return to clock mode (step ST 11). Moreover, in steps 
ST12-ST14, also when the condition that there is no input continues for 10 minutes, as an arrow 
head P2 shows, it returns to clock mode (step ST 11) automatically. When it returns to this clock 
mode, the date is displayed on the 1st segment viewing area 131, and current time is displayed 
on the 2nd segment viewing area 132. 

[0057] Although it is displayed as "TIME" noting that it returns to clock mode so that it may 
expand to the dot viewing area 134 at drawing 9 (a) when it becomes clock mode in this example, 
and it may be shown, as this annunciator is shown in drawing 9 (b), it will disappear 
automatically after 2 seconds, and it will be in the normal state (step ST 15) in clock mode. In the 
normal state in this clock mode, it is still the condition that nothing is displayed on the dot 
viewing area 134. That is, power-saving is attained by only necessary minimum time amount's 
indicating by the dot showing a user to the mode, and considering as the mode display of the 
purport that whose that has disappeared itself it is the normal state in clock mode. 
[0058] In the portable electronic device 1 of this example, if it equips with the connector piece 80 
to a connector area 70, as an arrow head P3 shows to drawing 8 , it will switch from any 
condition to running mode (step ST 12) automatically. The running mode at this time not only 
operates as stop watch, but is the mode which can measure the pitch and pulse rate under 
running. 

[0059] With reference to the function in the running mode as pitchometer and pulsometer, it 
explains focusing on drawing 10 . 

[0060] First, in drawing 10 , if it switches to the running mode as pitchometer and pulsometer 
(step ST 31), as shown in drawing 11 (a), current time will be displayed on the 1st segment 
viewing area 131 of a liquid crystal display, and it will be displayed on the 2nd segment viewing 
area 132 as "OWWW, and will be displayed on the dot viewing area 134 as "RUN." Moreover, 
it indicates that the mark of the heart blinked by the 3rd segment viewing area 133, and it 
switched to the running mode as pitchometer and pulsometer. 

[0061] Power is supplied to the pulse wave data-processing section 55 etc. by switch in this mode, 
and initialization processing called a setup of a period of operation etc. is performed by it. And 
incorporation of the pulse wave signal for measuring an early pulse rate after 2 seconds is 
performed, the display (step ST 32) with "STOP/5" and the display (step ST 33) with 
"MOTION/4" are performed to the dot viewing area 134 by turns, and seem not to move by 2Hz 
to it for 5 seconds at this time - ** — it is displayed. The figure displayed at this time is the 
count-down to for 5 seconds, and switches. And it will be in a standby condition until the button 
switch 117 located in the body of equipment 10 front-face bottom is pushed so that measurement 
of time amount may be started (step ST 34). 

[0062] In the state of this standby, as shown in drawing 11 (b), graphical display of the original 
wave of a pulse wave signal is carried out to the dot viewing area 134. The original wave 
displayed here is the newest data. Therefore, if the wave of a original wave of a pulse wave signal 
and level are checked before starting measurement (marathon) of time amount, the quality of 
the wearing condition of LED31 or a photo transistor 32 can be distinguished in detail. Moreover, 
the location of LED31 or a photo transistor 32 can also be set as the optimal location by adjusting 
LED31 and a photo transistor 32, checking the configuration and level of a original wave. And it 
can check beforehand whether it is the environment which can measure surrounding 
temperature and humidity. Furthermore, this function is applicable to the inspection etc. at the 
time of manufacture of a portable electronic device 1. Moreover, since graphical display of the 
original wave is carried out, it can also check whether the time-axis has been changed by 
consumption of a cell etc. In addition, the early pulse rate "75" for which it asked from pulse 
conversion is displayed on the 3rd segment viewing area 132. 

[0063] While measurement of elapsed time will be started from this condition if the button 
switch 117 located in the body of equipment 10 front-face bottom is pushed at the same time it 
starts marathon, measurement of a pitch and a pulse rate is performed (step ST 35). 
[0064] As these measurement results were shown in drawing 12 (a), first, elapsed time is 
displayed on the 2nd segment viewing area 132, and graphical display of the temporal response 
of a pulse rate is carried out to the dot viewing area 134. The graphical display performed at this 
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time is a display by the bar graph prolonged in the upper part from a lower part by making the 
abbreviation mid-position of an axis of ordinate into a pulse rate 65. In the meantime, the 
graduation and the pulse rate at the time of the axis of ordinate of the graph displayed on the dot 
viewing area 134 are displayed on the 3rd segment viewing area 133. 

[0065] When a pulse rate enters in a range (assignment within the limits to pulse rates 120- 168), 
as it is shown in drawing: 12 R> 2 (b) in this condition, graphical display of the pulse rate is 
carried out as a difference over the criteria pulse rate set up beforehand (step ST 36). The 
graphical display performed at this time is a display by the bar graph prolonged in the upper and 
lower sides (forward and the negative direction) in the part which is equivalent to a difference 
from this value by making the abbreviation mid -position of an axis of ordinate into a pulse rate 
150. Moreover, the mark which shows the appointed range of a pulse rate is displayed on the 
right-hand side edge of the dot viewing area 134. 

[0066] A push on the button switch 114 which is in a direction at 8*00 in the meantime carries 
out graphical display of the temporal response of a pitch to the dot viewing area 134 (step ST 37). 
The graphical display performed at this time is the line graph which made the pitch 170 the 
abbreviation mid-position of an axis of ordinate, as shown in drawing 12 (c). At this time, the 
graduation (purport whose abbreviation mid -position of an axis of ordinate is the pitch 170) and 
the pitch at the time of the axis of ordinate of the graph displayed on the dot viewing area 134 
are displayed on the 3rd segment viewing area 133. Thus, in the portable electronic device 1 of 
this example, in the dot viewing area 134, since it has displayed with a different gestalt from the 
display of a pulse rate called a line graph etc. in the temporal response of a pitch, a runner can 
distinguish easily whether the current display shows which information only by seeing the 
display gestalt. 

[0067] If the button switch 114 which is in a direction at 8*00 is again pushed from this condition, 
it will return to the condition (step ST 36) that the temporal response of a pulse rate is displayed 
on the dot viewing area 134. 

[0068] Moreover, if the button switch 116 located in the body of equipment 10 front-face bottom is 
pushed when it passes along a predetermined shunt, the lap time at that time will be displayed 
on the 1st segment viewing area 131 (step ST 38). And after 10 seconds, it returns to a step ST 36 
automatically. 

[0069] If the button switch 117 located in the body of equipment 10 front-face bottom is pushed at 
the same time it reaches gall after an appropriate time, measurement of a pulse rate, a pitch, 
and time amount will stop, and it will be displayed on the dot viewing area 134 as 
"COOLING/DOWN" (step ST 39). If 2 minutes pass since this condition, graphical display of the 
temporal response of the pulse rate after making a goal will be carried out to the dot viewing 
area 134 as a pulse recovery property (step ST 40). 

[0070] The graphical display about this pulse recovery property switches to the bar graph display 
prolonged upwards from the bottom first with the graduation which made the abbreviation 
mid -position of an axis of ordinate the pulse rate 150, as shown in drawing 13 (a). And as shown 
in drawing 13 (b), the recovery property for 2 minutes is measured. In the meantime, the 
graduation and the pulse rate at the time of the axis of ordinate of the graph displayed on the dot 
viewing area 134 are displayed on the 3rd segment viewing area 133. 

[0071] If the button switch 114 which is in a direction at 8-00 is pushed from this condition, after 
being displayed on the dot viewing area 134 as "PULSE/RESULT" for 1.5 seconds (step ST 41), 
the temporal response of the pulse rate in this marathon will be displayed on the dot viewing 
area 134 (step ST 42). Moreover, if the button switch 114 which is in a direction at 8^00 is pushed, 
after being displayed on the dot viewing area 134 as "PITCH/RESULT" for 1.5 seconds (step ST 
43), the temporal response of the pitch in this marathon will be displayed on the dot viewing area 
134 (step ST 44). Furthermore, if the button switch 114 which is in a direction at 8-00 is pushed, 
after being displayed on the dot viewing area 134 as "COOLING/DOWN" for 1.5 seconds (step ST 
45), it will return to the condition (step ST 40) that graphical display of the temporal response of 
the pulse rate after reaching the dot viewing area 134 is carried out as a pulse recovery property. 
[0072] After making a goal, when the button switch 116 located in the body of equipment 10 
front-face bottom is pushed, in addition, to the dot viewing area 134 If guidance 
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"PROTECT/MEMO?Y" of whether to memorize this result is displayed (step ST 46), the button 
switch 117 located in the body of equipment 10 front-face bottom is pushed and "YES" is 
answered It is displayed on it as "MEMORY" noting that a result is storage processed in the dot 
viewing area 134 (step ST 47), and after 2 seconds, it returns to an initial state (step ST 31). 
[0073] If the button switch 112 which exists in the direction of 4*00 is pushed after the 
measurement as this pitchometer and pulsometer is completed, as shown in drawing 8 , it will 
switch to the recall mode (step ST 13) of a lap time. If the button switch 112 which exists in the 
direction of 4-00 is pushed from this mode, it will switch to the recall mode (step ST 14) of a pulse 
wave measurement result. Also in this mode, graphical display of the temporal response of a 
pitch and a pulse rate can be carried out to the dot viewing area 134. If the button switch 112 
which exists in the direction of 4^00 is pushed from this condition, it will return to clock mode 
(step ST 11). 

[0074] Also when it returns to this mode, the date is displayed on the 1st segment viewing area 
133, and current time is displayed on the 2nd segment viewing area 132. Moreover, although an 
annunciator with "TIME" is performed to the dot viewing area 134 noting that it returns to clock 
mode, as an arrow head P4 shows, after 2 seconds, this display will disappear automatically and 
will be in the normal state (step ST 15) in clock mode. 
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[Brief Description of the Drawings] 

[Drawing l] They are the whole portable electronic device configuration concerning one example 
of this invention, and the explanatory view showing a busy condition. 

[Drawing 2] It is the top view of the body of equipment of the portable electronic device shown in 
drawing 1 . 

[Drawing 31 It is an explanatory view when seeing the body of equipment of the portable 
electronic device shown in drawing 1 from the direction of 3-00 of a wrist watch. 
[Drawing 4] It is the sectional view of the sensor unit for pulse wave detection used for the 
portable electronic device shown in drawing 1 . 

[Drawing 5] It is the block diagram showing a part of function of the control section (pulse wave 
data-processing section and pitch data-processing section) of the portable electronic device 
shown in drawing 1 . 

[Drawing 6] It is an explanatory view for explaining the principle which asks for a pitch in the 
portable electronic device shown in drawing 1 , and the spectrum obtained by (a) carrying out 
frequency analysis to the body motion signal acquired at the time of transit and (b) are the 
spectrum obtained by carrying out frequency analysis to the body motion signal acquired at the 
time of a walk. 

[Drawing 7] It is the flow chart which shows the actuation in the pitch operation part of the pitch 
data -processing section shown in drawing 5 . 

[Drawing 81 It is the explanatory view showing each mode of the portable electronic device 
shown in drawing 1 . 

[Drawing 9] The explanatory view showing an annunciator when clock mode is chosen among 
the modes which show (a) in drawing 8 , and (b) are the explanatory views showing the condition 
that this annunciator disappeared. 

[Drawing 10] In the portable electronic device shown in drawing 1 , it is an explanatory view for 
explaining the function in the running mode as pitchometer and pulsometer. 

[Drawing 11] The explanatory view showing the contents of the display when (a) switched to the 
running mode as the pitchometer shown in drawing 10 and pulsometer, and (b) are the 
explanatory views showing the contents of the display before starting measurement in this mode. 
[Drawing 12l The explanatory view in which the explanatory view showing the display gestalt 
before a pulse rate reaches in a predetermined range after starting measurement of a pulse rate 
in the running mode as the pitchometer which shows (a) to drawing 11 , and pulsometer, and (b) 
show the display gestalt after the pulse rate reached in a predetermined range, and (c) are the 
explanatory views showing a display gestalt in case the temporal response of a pitch is shown. 
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[Drawing 13l After (a) had actuation of stopping measurement of a pulse rate, in the portable 
electronic device shown in drawing 1 , the explanatory view showing a display gestalt in case a 
pulse rate is in a predetermined range, and (b) are the explanatory views showing a display 
gestalt when a pulse rate separates out of a predetermined range. 

[Drawing 14] The wave form chart after (a) carries out pulse conversion of the body motion 

signal in the conventional pitchometer, and (b) are the wave form charts for explaining the mask 

at the time of counting a pulse in the conventional pitchometer. 

[Description of Notations] 

1 ... Portable electronic device (pitchometer) 

5 ... Control section 

10 ... Body of equipment 

12 ... Wristband 

13 ... Liquid crystal display 

30 ... Sensor unit for pulse wave detection 

31 ... LED 

32 ... Photo transistor 

55 ... Pulse wave data-processing section 

56 ... Pitch data-processing section 
90 ... Body motion sensor 

560 ... Pitch operation part 
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